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The present paper is the result of a study of the toxic action of cer- 
tain compounds which, with few exceptions, occur naturally in vege- 
table tissues. The laboratories of the Bureau of Soils have been engaged 
for several years in studying the toxic properties of aqueous extracts of 
unproductive soils. As a result of these studies it has been found, 
as was shown in Bulletins 28 and 36, that many soils are unproductive 
because of the presence in them of toxic organic compounds. It has 
also been found that toxic excretions are produced by growing roots 
(cf. Bulletin go) and that these excretions, if allowed to remain in the 
soils, may exert a harmful effect upon a second crop of the same 
or closely related species. Since these excretions are to be regarded, 
in the light of our present knowledge, as products of plant metabolism 
which escape from the tissues of the plant, it becomes of some interest 
to study the action of compounds which are known to exist as such 
in the tissues of plants and might persist in the soil or arise from 
related bodies. 

Many instructive studies of toxic action of various inorganic and 
organic compounds upon plants have been made. Those investi- 
gators who studied the action of organic compounds have employed, 
quite naturally, those which are more or less toxic to animal life and 
to bacteria. As a result, we have much information upon the action 
of organic acids, phenols, aldehydes, terpenes, cyanogen, and volatile 
oils. The present study is intended to add some data upon the action 
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of compounds which occur naturally in plants. A few compounds 
which have not been found to occur as such in vegetable tissues are 


included in the study, for reasons which will be evident to the 
reader. 


Material and methods 


The organic compounds were dissolved in water and the solutions 
employed as water cultures for wheat seedlings. Most of the com- 
pounds used were obtained from Merck & Co. and were used with- 
out further purification. The water used in making up solutions 
was shaken with washed carbon-black, allowed to stand thirty min- 
utes, and then filtered clear. This treatment, as described by Livincs- 
TON (:06), gives physiologically pure water. Continued use of the 
method proves that it is as efficient in removing the toxic properties 
of ordinary distilled water as careful redistillation in the presence 
of strong oxidizing or reducing agents. 

The solutions when made were placed in salt mouth glass bottles 
having a capacity of 250°°, each of which accommodated ten seedling 
wheat plants. The solutions were made up in the ratio of a certain 
number of parts per*million by weight. Since electrolytic dissociation 
plays a very subordinate réle in determining the toxic properties of 
most organic compounds, the concentration of the solutions was 
expressed in terms of the mass of the respective substance pres- 
ent. Whenever possible the highest concentration employed was 
1000 parts per million, for the sake of brevity designated as ‘“‘1000 
ppm.” A number of substances used were soluble only in amounts _ 
less than 1000 ppm.; in these cases the range of concentration 
employed was much smaller, and is noted in the last column of 
Table II. 

The wheat was germinated and water cultures conducted accord- 
ing to the method described by Livincston (:06) and in Bulletins 
23 and 4o of the Bureau of Soils. The seedlings were put into the 
water cultures at the stage when the first true leaf was beginning to 
emerge from its sheath. Twenty plants in two cultures of ten each 
were used in testing each concentration, and comparison was made 
with an equal number of plants growing in pure distilled water under 
like conditions. During the seasons of the year in which the condi- 
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tions for growth were the best, each experiment was continued for 
eight to ten days, but during the cloudy winter weather some of 
the experiments were continued for twelve to fourteen days; the 
exact length of time for each experiment is given in the third column 
of Table II. 

Two and sometimes three criteria of growth were employed, viz., 
transpiration, green weight, and turgidity, no one of which can be 
regarded as absolute; but they usually agree in indicating the order of 
results, which was the point sought in the experiments. The jars con- 
taining the water cultures were closed with cork stoppers notched and 
carefully fitted to receive the seedlings, so that there was practically 
no chance for loss of water except that transpired by the seedlings. 
Therefore, the loss in weight of the cultures represents very closely 
the amount of water transpired by the plants, and in the case of 
wheat the transpiration has been shown by LivinGsToNn (:05) and 
JENSEN (:07) to be a very accurate measure of growth when com- 
parisons are made with control cultures. Transpiration is more 
nearly proportional to the growth of both roots and tops, while the 
green weight is not at all an indication of root growth and is liable, more- 
over, to some error in indicating the actual growth of tops. In com- 
puting the effects of the toxic agents employed, the transpiration 
figures are believed to be a more reliable indication of the growth of 
wheat, so far as the entire plant is concerned, than the weight of the 
green tops. Many of the substances employed produced the greatest 
effect upon the roots of the seedlings, and it was found that the trans- 
piration record was a better indicator of the growth in such cases than 
the green weight of the tops. 

The weight of the tops or of the entire plants in the fresh condition 
was taken as a second means of measuring their growth and as a 
means of comparison with the control plants. 

The condition of the root tips was also noted as an aid in deter- 
mining the lethal concentration. When killed, the root tips lose their 
turgidity and soon become slimy. Before this ensues they generally 
show indications of injury by discoloration in the region occupied by 
the most actively growing cells or meristem. In some solutions the 
tips stop elongating and become swollen, with more or less simul- 
taneous discoloration. 
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The photographs which are appended show in a general way the 
growth of the plants in comparison with the controls. 

The investigations here reported were intended to reveal the char- 
acter of the toxic action of the several compounds rather than to estab- 
lish the exact limits for their toxicity. Strict mathematical accuracy 
is not claimed for the data, but it is believed that they indicate correctly 
the order of the results, and that, within the experimental error, they 
approach the toxic limits for each compound. A general summary 
of the results is presented in Table II and the details are described in 
the following pages. This table shows the lowest concentration of the 
compounds which caused the death of the wheat plants, provided 
they were killed by a concentration of tooo ppm. or less; the lowest 
concentration causing injury; and the concentration causing stimu- 
lation, where such a phenomenon was observed. 

It would be manifestly improper to make strict comparisons 
between these results and those obtained by other investigators who 
determined the concentration necessary to kill or prevent growth in 
twenty-four hours or less. Obviously, a concentration which is suffi- 
cient to check growth in a short interval may cause death in a period 
of several days. ’ 


Experimental results 
THE ACTION OF SOME SIMPLE AND SUBSTITUTED AMINO-ACIDS 


Recent researches upon the chemistry of proteids have brought 
the amino-acids into prominence physiologically. These bodies are 
found in relatively large amounts in plants, especially in those of the © 
legume and mustard families, not only in the seedling stage of the 
plants but also in the roots, stems, and storage organs of mature 
plants. According to DoJARENKO (:02) the amino-acid nitrogen 
forms a very considerable portion of the nitrogen of humus bodies 
(22 to 70 per cent.). 

The action of amino-acids upon plants has been studied by a num- 
ber of investigators. Asparagin (amino-succinic acid) has received 
the most attention because of its importance as a nutrient for hetero- 
trophic plants. MAyER (69) demonstrated the value of asparagin 
as a nutrient forfungi. LAURENT (’90) studied the effect of glycocoll, 
leucin, aspartic acid, and asparagin upon yeast. He found that a 
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I per cent. solution of glycocoll was harmful to yeast and that 1 per 
cent. solutions of leucin and aspartic acid were assimilated when 
carbohydrates were present, but asparagin was assimilated even in the 
absence of carbohydrate. As classed by Loew (’99), alanin, leucin, 
asparagin, and glycocoll form good sources of carbon for bacteria— 
a classification which is sustained by the result of numerous investi- 
gations upon the nutrition of bacteria. NAKAMURA (’96) also showed 


FIG. 1 


that asparagin was a favorable nutrient for barley seedlings. KLEBs 
(96) found that 1 per cent. solutions of asparagin and glycocoll 
inhibited zoospore formation in Conjerva minor. 

Our experiments showed that leucin and asparagin are not at all 
toxic to wheat seedlings. Alanin and glycocoll were slightly injurious 
at the higher concentrations. Aspartic acid was rather toxic, prob- 
ably due to its acidic qualities. Tyrosin was more toxic than any of 
the other amino-acid compounds tried (fig. r). At the expiration of 
eleven days plants in a solution of tyrosin containing 16 ppm. showed 
marked injury. Ata concentration of 100 ppm. it killed the roots and 
injured the tops of the plants. At a concentration of 1 ppm. there 
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was, in some cases, a slight stimulation causing an increase in growth 
over the controls. The physiological action of different samples of 
tyrosin was found to vary somewhat. 

Upon long standing with exposure to air the tyrosin solutions 
appeared to have undergone oxidation, all of them having become 
quite dark in color. The changes wrought were probably the same 
as those produced by the enzyme tyrosinase, which oxidizes tyrosin 
to homogentisinic acid, which in turn gives rise to the dark-colored 
compounds. 

An instructive result was obtained by studying the action of such a 
tyrosin solution which had suffered discoloration incident to age. 
The tyrosin solution had become so dark in color that it resembled 
manure extract. It was diluted so that it was equivalent to a 16 ppm, 
solution of fresh tyrosin. This solution was used for growing wheat 
seedlings in comparison with a freshly prepared solution of tyrosin of 
equal strength. 

In a few days the plants in the two solutions showed pronounced 
differences, which became greater as the experiment was continued. 
Fig. 1 shows the appearance of the plants when the experiment was 
discontinued at the end of the twelfth day. The leaves were narrow 
and beginning to die at the tips; the roots were dead and had become 
slimy. The plants in the discolored tyrosin had made excellent growth; 
they resembled plants grown in manure extracts. The leaves were 
rich green, broad, and making vigorous growth, and the roots showed 
a similar good development. During the course of the experiment 
the ten plants in the fresh tyrosin had transpired 19 grams of water, 
and attained a green weight of 580 milligrams. The plants in the 
discolored tyrosin had in the same time transpired 38 grams of water 
and attained a green weight of 980 milligrams. 

These results are believed to have importance in explaining the 
value and action of the so-called green manures used in agricultural 
practice. The extensive work of E. ScHuLzE and others has shown 
that tyrosin and related compounds are quite widely distributed in 
the vegetable kingdom. These substances may even increase in 
number and amount when vegetable matter is allowed to decompose 
in the soil. Our experiments indicate that bodies like tyrosin 
and cholin may have a toxic action upon plants, but that these 
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substances in a more highly oxidized stage are actually beneficial to 
plant growth. 

It is of great interest to note in this connection that green manures 
may have the same action. When first applied to the soil they may 
exert a depressing effect upon the growth of the crop. After enough 
time has elapsed for the decomposition of the vegetable matter, with 
change to other compounds, the crop shows a marked benefit from 
the action of the green manure. 


THE ACTION OF COMPOUNDS RELATED TO LECITHINS 


The lecithins are readily decomposed and split off cholin and 
complex glycerophosphoric acids, which upon further decomposition 
yield fatty acids, glycerin, and phosphoric acid. It is such a decom- 
position that takes place in germinating seeds and also in seedlings in 
the absence of light. ZALEWSKI (:06) believes that this decomposition 
of the lecithins is due toenzyme action. He has shown that the organic 
phosphorus compounds are quickly and almost completely decom- 
posed during germination, only 2 per cent. remaining unattacked. 
SCHULZE (’91) and other investigators have reported the occurrence 
of cholin in various plant tissues associated with lecithin, and it does 
not follow that it must always be regarded as a product of the decom- 
position of lecithin. 

Neurin may arise from lecithin by the life-processes of certain 
microorganisms, as ScHMIDT and WEIss (’9r) have shown. It 
may also be formed from cholin by the action of bacteria or by boiling 
with baryta water. Betain or oxyneurin may be prepared artificially 
by the oxidation of cholin. Lorw (’99) reports that betain is a favor- 
able and cholin is a moderately good source of carbon for bacteria. 

In our experiments with wheat seedlings, neurin was found to be 
very toxic, cholin moderately toxic, while betain was entirely harm- 
less. Wheat plants were killed by solutions containing 250 ppm. of 
neurin and injured by solutions containing 25 ppm. It was thought 
that at least a part of the injury might be due to the strong basic prop- 
erties of neurin. The experiment was accordingly repeated, using 
neurin which had been neutralized with acetic acid. The result, how- 
ever, was not different from the experiment in which the neurin was 
not neutralized. It may be possible that a part of the difference in 
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toxicity may be due to the fact that neurin contains the vinyl group. 
Loew (93) has pointed out that vinylamin (H,C=CH-NH,) is 
more toxic to animals than ethylamin (H,C-CH,NH,). Substances 
containing the vinyl group possess the power of forming addition 
compounds. 

Solutions of cholin containing tooo ppm. did not cause the death 
of wheat seedlings. Injury was caused, however, by solutions con- 


taining 1000 and 500 ppm. As shown by jig. 2, the injurious effect 
was most marked upon the roots of the wheat plants. The weakest 
concentration (1 ppm.) caused a slight increase in growth, which 
was probably due to stimulation. 

In contrast to the toxic action of neurin and cholin, the more 
highly oxygenated betain was not at all toxic to wheat seedlings, but 
was even slightly beneficial. The concentration of the different solu- 
tions used ranged from 1000 to 5 ppm. and in all of them the plants 
grew as well or better than the controls in distilled water. 
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THE ACTION OF SOME UREA DERIVATIVES 


Four compounds which are structurally related to urea were 
studied with regard to their action upon plants. Alloxan and guanidin 
are sufficiently soluble in water to permit of being used in a concen- 
tration of 100 ppm. Guanidin was used as guanidin carbonate. 
Guanin and xanthin are so slightly soluble in water that the highest 
concentrations used were only 40 and 25 ppm. respectively. 

Guanidin has been shown previously to be toxic to diatoms and 
filamentous algae by LoEw (’93); toxic to barley seedlings by Kawa- 
KITA (:04), who also found that some fungi were unable to utilize 
guanidin as a source of carbon, although they could utilize it as a source 
of nitrogen. In our experiménts with wheat seedlings a concentra- 
tion of 100 ppm. of guanidin carbonate was sufficient to kill, and all 
the lower concentrations employed, including 1 ppm., caused seri- 
ous injury. Alloxan, the ureid of mesoxalic acid, was stated by 
Loew (99) to be an unfavorable source of carbon for bacteria. It 
is quite toxic to wheat, but less toxic than guanidin. Seedlings were 
killed by solutions containing 1000 ppm., and injured by lower con- 
centrations down to 100 ppm. Guanin was tested only in concentra- 


tions of 40, 20, 10, 5, and 1 ppm. on account of its slight solubility, 
In all these concentrations there was no harmful effect to be noticed. 
Xanthin is also so slightly soluble in water that the range of concen- 
trations employed was small. In concentrations of 25, 10, 5, and 1 
ppm. it was slightly beneficial to the growth of wheat plants. 


THE ACTION OF COMPOUNDS CONTAINING THE PYRIDIN NUCLEUS 


Pyridin forms the nucleus upon which are built many of the alka- 
loids. It is obtained chiefly from coal tar, but may also be obtained 
from a number of alkaloids (trigonellin, spartein, cinchonin) when 
these are highly heated, treated with alkalies, or distilled with zinc dust. 

It has been observed by FALKENBURG (’9I) that the vapor of 
pyridin and some of its homologues is poisonous to bacteria. The 
action of pyridin and its homologues has received additional impor- 
tance as a result of the investigations of SHorEyY (:06), who obtained 
pyridin by the dry distillation of soil. ‘The author cited says (p. 37): 
“As the fat in this soil was found to be only 0.005 per cent. it does 
not seem likely that the pyridin formed was due to the formation of 
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the pyridin ring by condensation, but rather that it exists already in 
some form in the soil.’”’ Pyridin was also obtained from the same 
soil after extraction with ether, hence it seems that the view taken is 
the correct one. 

In the experiments with wheat seedlings it was found that pyridin, 
although not sufficiently toxic at a concentration of 1000 ppm. to kill 
wheat plants in nine days, was nevertheless very injurious, especially 
to the growth of the green parts of the plants. In a concentration as 
low as 50 ppm. the growth of the tops was inhibited and the leaf- 
tips turned brown. In the lower concentrations there was no stimu- 
lation of growth. 

Picolin (C,H,N-CH,), or methyl pyridin, was toxic to wheat plants 
but acted fatally only in the concentration of tooo ppm., and caused 
injury at 500 ppm., but not in lower concentrations. The injury 
seemed to be manifested by the tops more than by the roots, thus 
resembling the action of pyridin. 

Piperidin (C,H,,N), or hexahydropyridin, differs’ in chemical con- 
stitution from pyridin by having two atoms of hydrogen attached to 
each carbon and one atom of hydrogen attached to the nitrogen atom. 
Solutions of piperidin killed and injured at a lower concentration than 
either pyridin or picolin. A sample of piperidin, which was neutral- 
ized with acetic acid, proved to be more toxic than the strongly alka- 
line piperidin itself. Piperidin seemed to injure the roots more 
severely than the tops. By reference to Table I, it will be seen that 
piperidin is more toxic than pyridin, a fact which may be due to the 
additional hydrogen it contains. 

Chinolin (C,H,N) forms the nucleus of many alkaloids found in 
plants belonging to the families Rubiaceae and Loganiaceae. FALK- 
ENBURG (’91) found that chinolin was toxic to bacteria in a concen- 
tration of 2000 ppm. Reference to Table II shows that chinolin was 
sufficiently toxic to kill wheat plants at a concentration of 500 ppm. 
So low a concentration as 5 ppm. affected them injuriously in six days, 
but none of the lower concentrations caused stimulation of growth. 


PHENOLS 


Only a part of the phenols used occur naturally in plants, but 
in order to make the study more complete several phenols were studied 
and the results herewith reported. 
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Monatomic phenols—Phenol (carbolic acid) is well known on 
account of its toxic properties, and an enumeration of the literature 
dealing with its toxicity would be superfluous at this place. Suffice 
it to say that TRUE and HuNKEL (’98) found that a concentration of 
m/400 phenol prevented the growth of lupine roots. This concentration 
would be about 235 ppm. and stands quite near the concentration 
(250 ppm.) which was required to bring about the death of wheat 
plants subjected to it for eight days. 

The wheat plants made a small amount of growth before death 
in solutions containing 500 and 250 ppm. In solutions containing 
100 and 50 ppm. the tops were alive at the end of eight days, but the 
roots were dead. The plants in solutions of 5 ppm. were slightly 
poorer than the control plants, but those in 1 ppm. were fully as good 
as the control plants. 

Diatomic phenols.—Pyrocatechin (ortho-dioxybenzene) has been 
reported in a number of different plants. According to WEEVERS 
(:03) it occurs in several species of willows and the characteristic 
black color which the leaves of certain species of willows assume upon 
drying is probably the result of the oxidation of the pyrocatechin 
through the activity of an oxidase. YABE (’94) found that pyro- 
catechin was fatal to yeast cells and bacteria when used in concentra- 
tions of 0.4 to 0.58 per cent. TRUE and HUNKEL (’98) found that 
lupin roots were prevented from growing by a m/8oo solution of pyro- 
catechin, i. e., about 137 ppm. 

Wheat plants were killed by pyrocatechin in solutions of 500 ppm. 
and injured by solutions containing as low as 25 ppm. The stronger 
solutions became dark colored after standing a few days and were 
undoubtedly somewhat more toxic on that account, as was pointed 
out by True and HunkKEL (’98). At the conclusion of the experi- 
ment the roots of the plants were colored purplish brown by the 
stronger concentrations. The effects of different concentrations of 
pyrocatechin are represented in jig. 3. 

Resorcin (meta-dioxybenzene), which appears to be more stable in 
solution than pyrocatechin, is less toxic than that compound. TRUE and 
HUNKEL (’98) found that the growth of lupin roots was prevented by 
m/200 solution (about 550 ppm.), thus exhibiting less toxicity than 
pyrocatechin. By our method of experimentation we found that the 
lowest concentration causing death was 1000 ppm. In concentrations 
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of 500 and 250 ppm. the roots of the plants were entirely dead, although 
the tops were still alive at the end of the experiment. Concentrations 
of 100 ppm. stopped the growth of most of the plant roots and adven- 
titious roots from the lower part of the stem ceased to grow as soon as 
they dipped into the solution. Fifty ppm. was the lowest concen- 
tration which appeared to cause injury to the plants. 

Hydrochinone (para-dioxybenzene) undergoes oxidation when its 
solution is exposed for some time to the air. TRUE and HUNKEL (’98) 


FIG. 3 


found that for lupine roots hydrochinone was more toxic than pyro- 
catechin or resorcin. With wheat plants the order of results differed 
somewhat, hydrochinone and pyrocatechin appearing to possess toxi- 
city of about equal intensity. In our experiments a concentration of 
500 ppm. of hydrochinone was fatal, 25 ppm. caused injury, and 5 
ppm. caused stimulation. 

Triatomic phenols—Phloroglucin (1:3:5 trioxybenzene) is not 
found as such in plants, but may be derived from several aromatic 
plant constituents. It was found to suffer some oxidation when plant 
roots were allowed to grow in its solutions, the stronger solutions show- 
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ing a distinct yellow color after a few days. The cultures of wheat 
seedlings indicated that phloroglucin possesses about the same rela- 
tive toxicity as pyrocatechin and hydrochinone. TRUE and HUNKEL 
(98) reported that for lupines phloroglucin was somewhat less toxic 
than either of the two dioxybenzenes mentioned. 

In order to study the relative toxicity of phenols containing 1, 2, 
and 3 hydroxyl groups, a series of cultures was set up in which solu- 
tions of phenol, resorcin, and phloroglucin were employed. It 


FIG. 4 


seemed best to use resorcin and phloroglucin for two reasons. First, 
they appear to be more stable in solution; and second, because of the 
similarity in the arrangement of the hydroxyl groups; resorcin having 
the 1:3, and phloroglucin the 1:3:5 arrangement. The cultures 
were grown under the same conditions for eight days and records of 
transpiration and green weight taken, although the transpiration is 
regarded as the more reliable in this experiment. Table I shows the 
records for the growth of the plants in the different solutions, and 
fig. 4 shows the plants grown in two series of parallel concentration. 

It would appear from these figures that the toxicity of phenols is 
not directly dependent upon the number of hydroxyl groups they 
contain. Resorcin appears to be the least toxic of the three com- 
pounds and phenol the most toxic. —TRUE and HUNKEL found that 
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TABLE I 


Growth of wheat plants in solutions of phenol, resorcin, and phloroglucin 





Solution Transpiration | Green weight 
grams grams 





Phenol 500 ppm dead 
Phenol 250 ppm dead 
Phenol too ppm | 20.6 
Phenol 50 ppm 27 
Resorcin 500 ppm 19 
Resorcin 250 ppm........... 23 
Resorcin 100 ppm........... 26 
Resorcin 50ppm........... 41 
Phloroglucin 500 ppm 15 
Phloroglucin 250 ppm 16 
Phloroglucin 100 ppm a2. 
Phloroglucin 50 ppm at 


or) 
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the toxic limit of phenol was not altered by the addition of sodium 
hydroxid, hence the greater toxicity of this compound is probably 
not due to its acid properties, but is to be attributed to the proper- 
ties of the phenyl group. The introduction of additional hydroxyl 
groups into phenol appears to alter its toxicity variously, so far as it 
is possible to judge of the toxicity of the different unstable compounds. 
Pyrogallol was not studied in this connection, because it becomes 
converted upon standing to purpurogallein, which is more toxic, 
according to TRUE and HuNKEL, than pyrogallol. 

There seems to be no evidence, therefore, from our experiments 
that the toxicity of phenols to wheat is diminished as the number of 
hydroxyl groups is increased. 


DERIVATIVES OF SOME OXYBENZENES 


Arbutin, which may be regarded as a glucoside of hydrochinone, 
is quite widely distributed among plants, especially among members 
of the Ericaceae. 

LAURENT (’90) found that arbutin seemed to be assimilated in 
small quantities by yeast. KLEBs (’96) found that a o.s per cent. 
solution inhibited zoospore formation in Conjerva minor, although 
it did not appear directly to cause the death of alga cells in the first day. 

In studying the action of arbutin upon wheat seedlings, concen- 
trations of 1000, 500, 100, 25, and 1 ppm. were employed. At the 
end of three days it was noticed that the wheat roots growing in the 
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stronger solutions had oxidized part of the arbutin to an insoluble, 
light-yellow dye which was deposited upon the roots. When the 
experiment was discontinued at the end of twelve days, the plants in 
arbutin solutions containing 1000 and 500 ppm. were dead. ‘The roots 
of these plants were discolored at the tips and had become slimy. 
The plants in solutions containing too and 25 ppm. were alive, but 
had made much less growth than the controls in distilled water. 
The plants in the solutions containing 1 ppm. of arbutin had been 
stimulated to make slightly better growth than the control plants. 


FIG. 5 


Vanillin, the aromatic principle of the vanilla bean, is a methoxy- 
ether of protocatechuic aldehyde. It probably does not occur as 
such in plants, but exists in the form of a glucoside which breaks 
into vanillin and a sugar when the plant organs are dried. 

Kiess (’96) found that saturated and half-saturated solutions of 
vanillin were fatal to Conjerva minor. Our experiments showed 
that wheat seedlings were killed in nine days by solutions containing 
1000 and soo ppm. of vanillin. In solutions containing 10o ppm. of 
vanillin the tops made fairly good growth, but the roots were killed. 
In the most dilute solutions, i. e., 10 ppm. and less, there was sometimes 
a slight stimulation of growth (fig. 5). 
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The roots of the plants grown in the stronger solutions oxidized 
some of the vanillin to a purplish-brown, insoluble dye, which colored 
the roots. The general character of the oxidation has been described 
in a preliminary communication by SCHREINER and REED (:07c). 

Vanillic acid, a monomethylprotocatechuic acid, showed greater 
toxicity to wheat plants than vanillin. The plants were killed in seven 
days in solutions of 100 ppm. or stronger. In solutions containing 
25 ppm. of vanillic acid, the only inferiority noticed in the plants was 
their root development; but the plants grown in concentrations of 5 
and 1 ppm. were better than the controls in distilled water. Although 
vanillic acid is more toxic to wheat plants than vanillin, it appears to 
be less inhibitory of root development. 

Chinone (benzochinone) may be prepared artificially from quinic 
acid or from hydrochinone. It is a compound of interest in the study 
of soil problems since BEIJERINCK (:00) has found that a soil fungus, 
Streptothrix chromogena, has the ability to form chinone from proteids. 

Chinone has been shown to be toxic to the seedlings of various 
plants, algae, and fungi by Furuta (:02). In concentrations of 
1000 and 500 ppm. the roots of soy bean and wheat seedlings were 
injured within a few hours and killed in three or four days. Fila- 
ments of algae were killed in a concentration of 1000 ppm. in three 
or four hours, and fungi in a somewhat longer period. 

Chinone is one of the most toxic compounds whose effect upon 
wheat seedlings was studied. A concentration of 100 ppm. was fatal 
in nine days, and even 1 ppm. produced an injurious effect. In the 
intermediate concentrations the chinone was correspondingly injurious. 
The plants scarcely survived in a concentration of 50 and 25 ppm. 
and only in concentrations of 10 and 1 ppm. was there any growth 
comparable to that of the controls in distilled water. 

The great toxicity of chinone is probably due to two of its 
chemical properties. The first of these is its strong oxidizing power, 
by virtue of which it is probably able to oxidize labile compounds 
which exist in cells of the plants and render them unsuitable for use 
in metabolism. The second property which gives chinone a toxic 
action is its ketone nature. Chinone readily forms bromin addition 
products. It unites with one molecule of hydroxylamin to form chinon- 
oxime; with two molecules of hydroxylamin it forms chinondioxime. 
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The ketones, as is well known, are distinctly toxic to plants, and taken 
together these two properties undoubtedly account for the action of 
chinone upon plants. , 

Cinnamic acid occurs in small amounts in the secretions of certain 
plants and its esters are found in the leaves of various tropical plants. 
By proper treatment it yields all the different phenol acids. 

TRUE (:00) found that a concentration of cinnamic acid equivalent 
to m/12,800 (12 ppm.) prevented the growth of the root tips of Lupinus 
albus in 24 hours. He also found that sodium cinnamate was toxic 
to root tips when employed in a concentration of m/800 (184 ppm.). 

Using a slightly different method, the results obtained with wheat 
seedlings varied, naturally, from those obtained with lupine. The 
same relations, however, hold true in both cases. Cinnamic acid is 
strongly toxic for seedlings, and its sodium salt is moderately toxic. 

A concentration of 100 ppm. of cinnamic acid was fatal to wheat 
plants and 25 ppm. was injurious. Cinnamic acid is particularly 
toxic to root growth, and it was only in the concentrations below 25 
ppm. that anything like normal root growth was exhibited. When a 
wheat root is killed by cinnamic acid it is not swollen nor discolored 
in the usual fashion, but on the contrary appears perfectly white. 

Sodium cinnamate is much less toxic than cinnamic acid. Wheat 
plants were not killed by a concentration of 1000 ppm. and were not 
injured at concentrations weaker than 100 ppm. 

Cumarin is found in a number of different plants and gives the 
odor which is characteristic of Hierochloa and Melilotus. It is a 
lactone of cumaric acid which may be regarded as orthoxycinnamic 
acid. It is also of interest to note that Gosto (:06) has found that 
cumarin may be formed from carbohydrates by the action of certain 
mold fungi, e. g., Aspergillus glaucus, A. novus, A. flavescens, and 
A. varians. 

Orthocumaric acid and o-hydrocumaric acid (melilotic acid) are 
found in Melilotus (sweet clover) in addition to cumarin. Para- 
hydrocumaric acid, although it has not been reported in plants, is of 
interest on account of its relation to tyrosin. Through the action of 
bacteria, the amid group in tyrosin is broken up and ammonia liber- 
ated, thus giving rise to p-hydrocumaric acid. 

KieBs (’96) found that Conjerva minor was quickly killed in 
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saturated and half-saturated solutions of cumarin. Our results show 
that cumarin is extremely poisonous to wheat plants. At the end of 
five days the plants in 250 ppm. and stronger were dying, the roots 
and tops having made practically no growth. The root tips were 
swollen and slightly discolored, although the roots themselves were 
quite turgid. When the experiment was discontinued at the end of 
eight days the plants in the solutions of 100 ppm. were dead, although 


\ 
\\ 


FIc. 6 


they had made a slight growth at the beginning of the experiment. 
The roots were discolored for a distance of 3 to 6™™ from the tip and 
their surface was very slimy, due to the death of the outer layers of 
cells which were then beginning to peel off. The leaves of the affected 
plants were short and broad, a feature not brought out by the illus- 
trations, but which was very characteristic in all experiments with 
cumarin. The meristematic tissue of the stem appeared to be injured 
in such a way that only the first leaves were unfolded, and in most 
cases the sheathing leaf base was more or less swollen by the abnormal 
growth of the inhibited leaves within it. 

The plants in the solutions of 50 ppm. were alive at the end of 
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eight days, but all growth had ceased. The root tips were discolored 
and badly swollen. The leaves were dead for a considerable distance 
back from the tips. In the solution of 1 ppm. the development of 
tops, as shown by the illustration (fig. 6), was practically equal to 
that of the control plants in distilled water. The root development 
was not as good, however, the tips being slightly discolored but not 
swollen. 

Daphnetin, which occurs in various species of Daphne, is a lactone, 
which is to be regarded as (3, 4) dioxycumarin. On account of its 
slight solubility in water it was impossible to test daphnetin in con- 
centrations greater than 50 ppm. Daphnetin was relatively less 
toxic than cumarin. At a concentration of 50 ppm. the green weight 
of tops produced in twelve days was 76 per cent. of the controls. 
In concentrations of 25 ppm. and less the growth of tops was prac- 
tically as good as in distilled water, and the development of roots was 
only slightly inferior. 


Esculin is of particular interest on account of its relation to cumarin. 
It is the glucoside of esculetin, which is a lactone isomeric with daph- 
netin, and has been shown by TIEMANN and WILL (’82) to be (4, 5) 


dioxycumarin. 

Both esculin and esculetin have been found in plants, but little is 
known concerning their distribution. The esculin solutions had a 
blue fluorescence when prepared, which was lost after plants had 
grown for a time in them. ‘The roots which grew in the stronger 
solutions were colored dark yellow as a result of their oxidative activi- 
ties, the dye formed being insoluble and remaining upon the surfaces 
of the roots where oxidation had occurred. This effect is shown in 
fig. 7. Esculin, as shown by the figures, is decidedly less toxic to 
plants than cumarin, but more toxic than daphnetin. KLEBs (’96) 
found that a saturated solution of esculin inhibited the formation of 
zoospores in Conferva minor, but did not prevent the formation of 
chlamydospores in Mucor racemosus. The toxic effects of esculin 
were more marked upon the roots of wheat plants than upon the tops. 
In concentrations of 1000 and 500 ppm. wheat plants were killed, 
and were injured even in a solution containing 1 ppm. (fig. 7). In 


the solutions containing 100 ppm. there was a distinct stimulation of 
the growth of tops. 
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Heliotropin, or piperonal, is the aldehyde of piperonylic acid. It 
possesses the pleasant odor of heliotrope. The growth of wheat plants 
in solutions was markedly affected by the presence of heliotropin. 
Although the plants were not killed by a concentration of 1000 ppm. 
or less, they were injured by such slight quantities as 1 ppm. It is 
worthy of remark that the tops of the wheat plants were more affected 
by the heliotropin than the roots. The roots were healthy and of 
nearly equal development in all solutions of heliotropin used. 


FIG. 7 


MISCELLANEOUS COMPOUNDS 


A few of the compounds whose effects were studied do not permit 


of classification with the majority of compounds used. These bodies 
are skatol, ricin, mucin, and quinic acid. 


In solutions skatol proved to be somewhat toxic to wheat plants. 
A concentration of 200 ppm. was sufficient to kill seedling plants in 
nine days, and in the same time a concentration of 50 ppm. was 


injurious. In those cases where skatol had a harmful effect, the 
roots of the wheat plants were more injured than the tops. 


Ricin is the very poisonous (for animal life) principle of Ricinus; 
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its chemical composition is unknown, but it is probably a toxalbumen. 
Bokorny (’96) found that ricin is slightly toxic to algae and infusoria. 
On account of its slight solubility, we were not able to make tests of 
solutions having a concentration greater than 50 ppm. The wheat 
plants were somewhat injured by concentrations of 50 and 40 ppm. 

Mucin is also comparatively insoluble in water and hence a wide 
range of concentrations could not be employed. In a saturated solu- 
tion there was practically no growth of the roots of the wheat plants. 
In a solution of 100 ppm., which is slightly below the point of satura- 
tion, the plants were seriously injured in the growth of both roots and 
tops. A solution containing 5 ppm. was slightly stimulating to the 
growth of wheat plants. 

Quinic acid, which occurs in cinchona bark associated with the 
alkaloid quinin, proved to be quite toxic to seedlings. In all except 
the more dilute solutions, quinic acid was very toxic to wheat plants. 
At the end of ten days the entire plants in concentrations of 1000 
and 500 ppm. were dead; in 100 ppm. only the roots were dead. In 
concentrations below 50 ppm. the plants were as good as the controls 
grown in distilled water; and in the solutions containing 5 ppm. there 
was a slight stimulation of growth. 


Discussion and summary 


The data presented show that a number of the compounds occur- 
ring naturally in plants have toxic effects upon wheat seedlings. The 
toxicity of certain compounds appears to be greater for plants than 
for animals; in the case of other compounds the reverse relations seem 
to exist. 

The amino-acid compounds display a relatively low toxicity, and 
some of them appear to serve directly as nutrients to the plants. 
Two exceptions deserve mention. Tyrosin, which was found to 
cause injury in concentrations of 25 to 10 ppm., may be regarded 
as oxyphenylalanin. Reference to the table shows that alanin itself 
was slightly injurious in the highest concentrations, and it is easy to 
understand that increased toxicity should follow the introduction of 
the oxyphenyl group. Aspartic acid is the other amino-compound 
which displays relatively great toxicity to the plants. Aspartic acid 
differs chemically from the other amino-compounds employed in 
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containing two carboxyl groups, only one of which is linked with the 
amid group. The behavior of the seedlings grown in solutions of 
aspartic acid is in harmony with this fact. The injurious effect of 
the aspartic acid suddenly disappears as soon as diluted below 100 ppm. 
and the gradual disappearance of toxic effects is not shown. The 
toxicity of aspartic acid, therefore, seems to be due largely to the 
carboxyl groups which it contains. 

The physiological action of neurin, cholin, and betain presents 
some interesting facts bearing upon the relation of toxicity to chemical 
structure. It will be noted, by reference to the structural formulae for 
these compounds, that they differ only in one of the groups. Neurin 
contains the ethylene group; cholin contains an ethyl in place of the 
ethylene group, and has one carbon atom oxidized to the primary 
alcohol stage; finally in betain the alcohol group is oxidized to car- 
boxyl with subsequent splitting-off of watcr. Corresponding to the 
increased degree of oxidation in these three compounds, there is a 
decrease in their toxicity, neurin being the most toxic, and betain 
being absolutely non-toxic in concentrations less than 1000 ppm. 

On account of the slight solubility of two of the four urea deriva- 
tives employed, it ise not possible to make comparisons of their 
physiological actions. The compounds which contain the purin 
group did not appear to be toxic. Guanidin, however, is distinctly 
toxic, and alloxan moderately toxic. 

The pyridin compounds employed are all toxic, some of them 
being fatal to wheat plants in relatively small amounts. Pyridin 
itself appears to be relatively less toxic than any of the other related 
compounds studied. It was not fatal at a concentration of 1000 ppm. 
and only injured the tops slightly in concentrations of 100 ppm. and 
less. ‘The introduction of methyl into the pyridin appears to increase 
slightly its toxicity (picolin). The addition of more hydrogen to pyri- 
din (reduction) produces a marked increase in its toxicity, as is shown 
by the physiological action of piperidin, which may be regarded as 
hexahydropyridin. This fact supports what was said on a previous 
page concerning the decrease of toxicity accompanying the oxidation 
of neurin, cholin, and betain. Chinolin appears to be somewhat more 
toxic than pyridin, as might be expected from its resemblance to 
naphthalene. 
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The phenol compounds studied displayed -varying degrees of 
toxicity. In general their toxicity does not appear to depend upon 
the number of hydroxyl groups they contain. Phenol itself is the 
most toxic of any of the members of that group which have been 
reported in this paper. Undue credence, however, must not be given 
to slight differences in the toxicity of the di- and triatomic phenols, 
because it is known that they are more or less unstable in solution, 
and as a result may be converted into more toxic compounds. 

The toxicity of cinnamic acid is not difficult to understand when 
one notes that it is phenylacrylic acid. Sodium cinnamate is much 
less toxic than the corresponding acid, indicating at least that a part, 
but not all, of the injurious properties of cinnamic acid are due to the 
amount of carboxyl it contains. TRUE (:00) reported that of a 
series of sodium salts of organic acids, sodium cinnamate was the 
most harmful to lupine seedlings. This observation indicates still 
more strongly that the phenylacrylic group is responsible for a con- 
siderable part of the toxicity exhibited by cinnamates. 

Cumarin is related to cinnamic acid, and it is worthy of note that 
this lactone, containing no dissociable hydrogen, is as toxic as cinnamic 
acid containing dissociable hydrogen. 

Daphnetin is another compound which shows a diminished toxicity 
accompanying a higher stage of oxidation. It differs from cumarin 
in having two atoms of phenyl-hydrogen replaced by hydroxyl, with 
the result that the toxicity is somewhat diminished. 


While it would be presumptuous to assert that decrease in toxic 
action always accompanies the introduction of oxygen into organic 
compounds, it is undoubtedly true that in a number of the cases 
studied, the more highly oxygenated compounds are less toxic than 
those containing less oxygen. Many of these substances which are 
ordinarily regarded as by-products in vegetable metabolism are highly 
toxic to seedlings when present in sufficient quantities. 

It will be noted that certain of the compounds studied produced 
the effect which LE RENARD (:02) has termed “chemauxesis” 
or stimulation, a phenomenon which has been studied carefully by 
RAULIN (’69), RIcHARDS (’97, ’99), ONO (:00), and others. RicH- 
ARDS found in the case of the fungi he studied that the presence of a 
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small amount of toxic agent enabled the plants to work more economi- 
cally with a given amount of nutritive material. It is possible, when 
toxic agents are present in small amounts, that they excite the cells 
to greater activity, as a result of which the cells are able to utilize 
more fully the materials at their disposal, or to overcome retard- 
ing conditions of their environment. Such an action would be 
analogous to the “activating” influence of certain inorganic salts upon 
enzymes. 

The stimulating agents may also act beneficially upon growth 
by virtue of the changes they cause in the excretory matter of the 
plant or of the cell. The writers have shown (:07a, :07b) that 
deleterious waste products are excreted from living plants, and that 
the accumulation of these substances may be detrimental to vegetable 
growth unless some agency removes or destroys the excretory prod- 
ucts, either by the formation of harmless compounds, or more simply 
by precipitating them. It is well known that salts of the heavy 
metals, which in small amounts exert a stimulating action on plants, 
will also bring about a precipitation of proteid-like bodies. When 
larger amounts are present, these substances not only combine with 
the excreted proteid bodies at the surface of the plant, but also 
exert this same action on the living protoplasm within the plant, 
causing death. 

If the excretory products mentioned be of the nature of proteids, 
it is easy to see how beneficial conditions might arise by the continual 
precipitation of the harmful excretions. In other cases it is possible 
that the compounds which exert a stimulating action may set up 
chemical processes which, while not precipitating excretions, never- 
theless render them harmless to the plants which produce them. 

From this point of view, the stimulation of plant growth by small 
quantities of toxic agents consists in the removal of deleterious waste 
products, and the maintenance of a sanitary environment for the 
growing plant. It is not at all improbable that each of the processes 
mentioned may act as factors in increasing plant growth at different 
times and under different conditions. 

The oxidizing power of the plant roots was shown in several 
instances by the formation of colored compounds which stained the 
roots. 
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Certain of the substances employed appear to have had a toxic 


action mainly upon the growth of the tops of the plants; other sub- 
stances were more toxic to the growth of roots than of the tops. 
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SOME NEW CASES OF MENDELIAN INHERITANCE 
GEORGE HARRISON SHULL 
(WITH FOUR FIGURES) 


In crosses between nearly related elementary forms, numerous 
investigations have shown that a very wide range of characteristics 
in a great many species of both plants and animals behave in the Men- 
delian way; that is, they give a uniform progeny in the first hybrid 
generation (F,), and show perfect segregation of the various character- 
istics in F, and later generations. So consistent have been the results 
that there can be no question that MENDEL’s law has fundamental 
and widespread applicability, but it has also been demonstrated that 
it has its limitations. Where these limitations lie and why it is thus 
limited may not be known until a much larger mass of data is on 
record than is now available. 

Several of the cultures at the Station for Experimental Evolution, 
upon which no report has yet been published, present new instances 
of Mendelian heredity under conditions which make their considera- 
tion desirable, even though only a preliminary account can be given 
at this time. 


HELIANTHUS ANNUUS L. 


Among 112 plants of the so-called “Russian” sunflower (Heli- 
anthus annuus var.) grown at the Station during the summer of 1904, 
all but one had the usually unbranched stem surmounted by a single 
large head. Sometimes these had several weak branches in the axils 
of several of the lower leaves, but there were never more than three 
or four of these lateral branches, and none ever stood higher on the 
stem than the fifth node above the cotyledons. The one exceptional 
individual had strong branches in nearly all of the axils and bore a 
number of somewhat smaller heads, but was not observed to differ in 
other respects from its unbranched neighbors (figs. 1,2). The seeds 
had been purchased at a seed store, and nothing is known of the 
antecedents of these plants. 
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Not until late in the season was it decided to investigate the heredi- 
tary qualities of the branching habit, and consequently the pollination 
was not guarded. Attempts at getting self-fertilized seeds from other 
plants proved unsuccessful, however, and all my experience in breed- 
ing the sunflowers during the past four years indicates that they are 
entirely self-sterile. From this it may be safely inferred that the 


Fic. 1.—‘‘Russian”’ sunflower (Helianthus annuus var. hort.) showing two pure- 


bred strains; unbranched on the left, branched on the right. 


branched individual (pedigree no. 04109) was cross-fertilized; and 
as it was the only individual of its kind, it must have been fertilized 
by means of pollen from the unbranched individuals. Assuming 
that this branching habit is a Mendelian character, several possible 
assumptions would lead to different expectations regarding the off- 
spring of this cross: (a) If the unbranched habit were dominant over 
the branched, all the offspring should be unbranched; (6) If the 
branching habit were dominant, there would be two cases: (1) when 
the branched parent is a pure dominant, the offspring should be all 
branched; and (2) when the branched parent is a heterozygote (DR), 
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the offspring should consist of both branched and unbranched indi- 
viduals in the ratio 1:1. 

In the summer of 1905, 59 offspring were reared from this cross, 
28 branched and 31 unbranched, showing either that branching is 


Fic. 2.—Individuals representing two elementary strains of the “Russian” sun- 
flower; leaves removed to display the branching habit. 


dominant, and the original branched plant was a heterozygote, or that 
branching is not a Mendelian character. About half of the unbranched 
plants showed a few weak branches about the base, but none had 
more than four branches, while none of the branched individuals had 
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less than nine branches, the average number of branches in the latter 
being about 15. 

During the same season, 81 offspring of an unbranched plant 
(04108) which had also been left unguarded showed 72 unbranched 
and g branched. This result would find a ready explanation in case 
branching is a Mendelian unit-character, simply as the usual result 
of vicinism. On this assumption the proportion of branched off- 
spring in this family indicates that the pistil-parent (04108) received 
about one-fifth of its fertilizations from the branched specimen 
(04109) which was growing near it, and the other four-fifths from 
the 110 unbranched plants, several of which were growing equally 
near. 

In 1906 the Helianthus cultures were started several weeks too 
early (April 2) and became tall and slender from long crowding and 
insufficient illumination before they could be set into the garden. 
Some of these began to bloom shortly after they were transplanted, 
and the branching habit was very much deranged. Two families, 
(05149 and o5150) raised from branched parents having had the 
pollination fully controlled, resulted in 54 branched and 2 nearly 
unbranched in the,one case, and 68 branched and 2 unbranched in 
th other, but as the whole branching system was considerably modi- 
fied the classification could not be made with security. The expecta- 
tion in these cases, since both parents were DR, would have been 
branched and unbranched approaching the ratio 3:1. The results 
secured indicate either that we are not dealing with a Mendelian char- 
ecter or that the conditions of the culture caused an excessive develop- ’ 
ment of branches in normally unbranched individuals. The latter 
suggestion is strengthened by a small family (05145) reared from fully 
guarded unbranched parents from the same hybrid family to which 
the branched parents of the last-mentioned two families belonged. 
Both parents should be in this case extracted recessives (RR), and 
all of the offspring should belong to the unbranched class. Only six 
offspring were produced, and all showed some branching, ranging 
from one strong branch below the middle to twelve branches from the 
middle to the top of the stem, the latter type of branching being char- 
acteristic of the branched form. The results in 1906 seem therefore 
to oppose distinctly the idea that the branching character is Men- 
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delian, but still leave a doubt on account of the obvious derangement 
produced by ill-treatment. 

In the summer of 1907 the seeds were sown at the proper time 
(April 30) and the Mendelian character of the branching habit was 
fully established by the following facts: (@) Reciprocal crosses 
(06356 and 06357), fully controlled, between two strongly branch :d 
specimens belonging to the second of the two DR families mentioned 
in 1906 (namely, no. 05150) gave 65 fully branched individuals in 
the one family, 13 in the other family, and no unbranched specimens 
in either, thus showing that at least one of the chosen parents was an 
extracted dominant (DD). The number of branches in both these 
reciprocal families ranged from 10 to 25. (6) Properly controlled 
pollinations we re made between two specimens of the last family (05145) 
mentioned for 1906, supposedly a recessive family. The pistil- 
parent had two strong branches, one of which showed an abnormal 
bifission. The pollen-parent had one strong lateral branch which ex- 
ceeded the main stem. The cross was made between two heads borne 
by lateral branches. Of the 22 offspring produced (06353), 19 were 
wholly unbranched, two had one small branch, each near the base of 
the stem, and one had two small branches similarly located. This 
demonstrated that both parents were pure recessives and showed that 
the branches produced the preceding year had no hereditary signifi- 
cance. (c) Another sowing (06352) was made of unguarded seed from 
the same pistil-parent as the last. The g1 offspring consisted of 67 
individuals having less than 7 branches each and 24 having more than 7 
branches each, the latter group having an average of about 16 branches 
and the former group an average of less than two branches (fig. 3). 
As the branched type does not usually have more than 4 or 5 vacant 
axils above the highest branch, one individual having 8 branches 
and 1o vacant axils probably belongs with the unbranched class. 
The result in this family shows that about one-fourth of the pollen 
received by the unguarded mother came from branched individuals, 
and as this fact was made obvious in the first generation it gives further 
proof of the dominance of the branching habit over the unbranched. 

Furthermore, it illustrates well how impossible it would be to 
discover Mendelian ratios in cross-fertilizing species or varieties with- 
out careful control of fertilization. This requirement accounts for 
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two things, namely, the fact that MENDEL’s law was not discovered 
by economic plant-breeders and gardeners long ago, and that in certain 
quarters the notion prevails that Mendelian inheritance is a function 
only of self-fertilizing or inbred strains. 


° - 10 20 3° 


Fic. 3.—Curves showing the extent of branching in three families of “Russian” 
sunflower; the dotted line at left represents the offspring of two unbranched parents; 
the dotted line at the center represents the offspring of two branched parents, one of 
which must have been an extracted dominant; the unbroken line shows the condition 
of a family from the mother of the pure unbranched family, but with pollination 
unguarded; the dominance of branching produces a branched offspring in each case 
that successful fertilization took place by means of pollen from a branched plant. 


The foregoing account of experiments on the inheritance of the 
branching habit in Helianthus annuus may be recapitulated in the 
form of a family tree thus: 

Branched (DR) XUnbranched (R) 


| 





28 B (DR) 
|| 





l 
(54 B(DD+DR+RR) ot 
68B DD+DR+RR) 2U(RR 

1] 


More or less branched 
DD or DR) | 
DD or DR) § 22U RR 
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During the summer of 1905 experiments were also begun for the 
purpose of testing the relationship between the Russian sunflower 
and the wild Helianthus annuus of the prairie region.. Seed of the 
latter had been received from Nebraska through the kindness of Dr. 
C. E. Bessey. Several points of contrast were noted between the 
plants produced from this seed and the Russian sunflower, the most 
noteworthy being with regard to branching habit and the color of the 
disk. The lower branches of the wild sunflower, when given space 
for full individual expression as they are in my cultures, diverge 
almost horizontally, having on this account a slightly wider spread 
than branches arising at higher points on the stem. At the time the 
first head is ready to spread its rays, the whole plant has a nearly 
conical form. The development of the primary head checks the 
growth of the main stem, and some of the upper branches then usually 
elongate so as to overtop the central axis, thus giving the mature 
plant a more columnar form. My branched type of the Russian 
sunflower has all the branches strongly ascending, the lower being 
enough longer than the upper to reach almost the same level, thus 
giving the mature plant a corymbose or broadly obconical form. 

I have not yet reached a conclusion in regard to the hereditary. 
behavior of these two types of branching, as it is not easy to find 
decisive criteria for the exact classification of the two forms and their 
combinations. It has been apparent, however, in my cultures that 
there is a combination of both types of branching in many if not all 
of the first-generation hybrids, and at least some segregation in the 
next generation. The indefiniteness of the character will probably 
make it difficult to reach satisfactory quantitative results, but the 
attempt is being made. 

A very much simpler character to deal with is the color of the disk. 
All of the western Helianthus annuus that I have thus far observed 
have a deep purple disk, the color being found in the tips of the 
paleae, which are of a deep, metallic purple; the margin of the corolla, 
which is brownish purple; and the style and stigmas, which are reddish 
purple. In all my Russian sunflowers, the tips of the paleae are 
yellowish green, the corolla is a clear lemon yellow, and the styles 
and stigmas usually have the same color as the corolla; but in a 
small proportion the stigmas are margined with a narrow line of deep 
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crimson, which gives the stigmas the appearance of being orange 
colored, unless examined closely. No study has been made of the 
inheritance of this stigmatal margin, but it seems not unlikely that it 
too may prove to be a Mendelian character. Although the color of 
the disk affects several organs of very different morphological value, 
it proves to be a simple character, showing the same kind of correla- 
tion that is found in peas and beans which have purple flowers and 
black seeds, and other plants which have purple flowers associated 
with more or less purple in the stems. 

The cross made during the summer of 1905 between the purple- 
disked wild sunflower and the yellow-disked, branched, garden sun- 
flower, produced in 1906 a progeny (05153) consisting of 26 with purple 
disks and 27 with yellow disks; when I would have expected all purple 
on the assumption that both parents were pure-bred and purple 
dominant over non-purple, as has been the general experience with 
the purple color-character in other plants. The conclusion reached 
was that either the purple disk is not a Mendelian character or the 
purple parent was a DR instead of a pure-bred purple. As yellow 
disks have not appeared among my cultures of wild sunflowers during 
three years, the assumption that the one plant which I used for the 
cross was itself a hybrid seemed very unlikely, and the probability 
that this strictly alternative character was not behaving according 
to Mendelian expectation led me to watch the culture the following 
season (1907) with great interest. Five F, families were raised, two 
reciprocal families of purple by purple, representing the hypothetical 
cross DRX DR; two reciprocal families between purple and yellow, 
representing the cross DRXR; and one family of yellow by yellow, 
representing the cross RXR. The results were as follows: 


| No. 06359, 64p:2ry 


No. 06360, 64 p:16 
awe 
| Total, 128 p:37y 


Expected, 123 p:41y 

No. 06361, 48 p:46y 

DRXR No. 06362, 39 Pi4ty 
Total, 87 p:87y 
Expected, 87 p:87y 
{ No. 06358, gb y 


RXR \ Expected, g6y 
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From all of these results it must be concluded that the purple disk 
is a strict Mendelian character, and that the first purple-disked 
parent was a heterozygote. The original cross is being repeated to 
make the latter point more certain. 


LYCHNIS DIOICA L. 


This plant is a native of Europe and was doubtless very often 
cultivated in the gardens of a generation or more ago. It has now 
commonly escaped from the gardens and is maintaining itself quite 
generally along roadsides in the eastern United States. The flowers 
show considerable variation in the intensity of their purple color, and 
white-flowered ones are quite common. Purple and white flowers 
have been crossed in so many species and found to follow MENDEL’s 
law, that there would have been little incentive to study this particular 
character in Lychnis dioica, had it not been for the fact that this 
species is dioecious, and that in consequence self-fertilization could 
not be held responsible for the Mendelian behavior if it should be 
found to exist. Statements in the manuals regarding the dioecious 
habit of this species indicate that it also occurs as a hermaphrodite, 
but among about five thousand individuals which I have examined 
only one was noted which had both stamens and pistils, and that one 
had but a single flower with both kinds of sporangia. 

During the summer of 1905 I made all possible combinations with 
white and purple flowers, but in one case unfortunately used two 
different purple-flowered individuals for the pollination of the same 
white-flowered plant and collected the seeds from both crosses together. 
The offspring from these crosses reared in 1906 were as follows: 

No. 05212, w X w, go w 
No. 05213, W X 2p’s, 66 p:41 w 
No. 05114,P X p, 65 p:23w 
No. o5115, p X Pp, 96 p 


The fact that two white-flowered parents produced nothing but 
white-flowered offspring, and that in one case two purple-flowered 
parents produced only purple-flowered young, shows pretty conclu- 
sively that we are dealing here with a Mendelian pair of characters, 
even though the one family (05114), which probably represents the 
cross DRX DR, shows a considerable departure from the expected 
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ratio of 3p:1w. The ratio of purple to white in family no. 05213 
can have no significance, since one of the two purple plants used as the 
pollen parents was probably a D and the other a DR. 

To test the assumption that family no. o5114 represented the 
cross DRX DR, and to get further evidence on the Mendelian char- 
acter of the purple color in this species, a series of over eighty crosses 
was made within this single family. All of the pistillate plants 
received pollen from a single white staminate plant, and pollen from 
each of the staminate plants was used to fertilize the different flowers 
of a single white pistillate plant. 

This method was employed because it is the simplest way in which 
the correct classification of every individual of the first generation of 
hybrids may be attained. Every single cross in the series had the 
recessive white as one of its members, so that only three possible com- 
binations could occur among the resultant hybrid families, namely, 
DxR, DRXR, and RXR, giving respectively, according to expecta- 
tion, 100 per cent., 50 per cent., and o per cent., of purple-flowered 
ofispring, in the ratio 1:2:1. About 50 plants from each of these 
83 crosses were reared to maturity in 1907, and, when classified accord- 
ing to the percentage of purple individuals in each family, showed 13 
families with more than 95 per cent. purple, 48 having 30-70 per cent. 
purple, and 22 with less than 5 per cent. purple, the expectation being 
21 with 100 per cent. purple, 42 with 50 per cent. purple, and 21 with 
o per cent. purple. The result is close enough to expectation to 
demonstrate the correctness of the Mendelian law in regard to the 
flower-color of Lychnis dioica L. 

The diagram (fig. 4) showing the distribution of percentages of purple 
individuals in the heterozygote families may be used to call attention 
to what we ought to mean by “ Mendelian expectation.” Very often 
when a rather small series of observations shows a considerable depart- 
ure from the ratios 1:1, 1:2:1, 3:1, 9:3:4, or whatever other ratio 
represents the theoretical limit appropriate to the conditions of the 
particular experiment in hand, the statement is made that the results 
are not in accord with “ Mendelian expectation.” When the number 
of observations is small, such a statement is usually due to the fact 
that too much is expected. This will become clear when attention is 
called to the fundamental basis of the Mendelian ratios. Equal 
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numbers of both eggs and sperms carry the antagonistic or alterna- 
tive qualities making up a pair of Mendelian units. These different 
germ cells unite according to the laws of chance, and we should mean 
therefore by the expression ‘“‘ Mendelian expectation” that our obser- 
vations if seriated in the form of a curve will present a normal proba- 
bility curve within the limits of probable error. Not until the number 
of observations becomes infinite have we a right to expect absolute 
agreement with the theoretical ratios. 

Analysis of the curve presented by the 
1 heterozygote families of Lychnis dioica, as 
represented in the diagram, shows that it 
approaches closely to the normal probability 
curve, and that therefore every proper ex- 














0% 


Fic. 4.—Lychnis dioica L.: variation in the percentage of purple-flowered offspring 
in hybrid families of the third generation having the form (D+2DR+R) XR; left- 
hand group represents the extracted recessives (RXR), the right-hand group the 
extracted dominants (DXR), and the middle group the heterozygotes (DR XR); 
superposed upon the heterozygote group is the normal curve having the same standard 
deviation, showing the close agreement with a perfect chance distribution. 


pectation is fulfilled. As the departure of variates from the mean 
is a fundamental part of the law of chance, the fulfilment of expecta- 
tion is just as complete in the case of the one DRX R family that had 
only 35 per cent. of purple-flowered individuals, or the three similar 
families that had about 65 per cent. of purple flowers, as in the twelve 
families which consisted of about 50 per cent. purple. This is an 
important fact that needs to be taken into account by both the student 
and the critic of Mendelian inheritance. 
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The results here presented both in regard to Lychnis and Helian- 
thus show that Mendelian phenomena stand in no relation to self- 
fertilizz.tion, since neither of these species can self-fertilize. Emphasis 
upon this point should not be needed, since many of the most typical 
cases of Mendelian inheritance occur among animals, where the sexes 
are almost invariably separated. . 


VERBASCUM BLATTARIA L. 


There are two color-varieties of this widely distributed species, one 
having bright-yellow flowers, and the other having the flowers almost 
white. If examined carefully, however, the pale flowers are seen to 
be cream colored rather than pure white. ‘Two considerations made 
it appear desirable to determine the relation between these two color- 
varieties by means of crossing. (a2) Many cases are onrecord in 
which albinos are found to be typical Mendelian recessives when 
paired with certain colors. In Verbascwm Blattaria the pale flowers 
approach the albino condition, but both forms possess some color, 
and it is of interest to know whether this pale-flowered form behaves 
in the same manner as an albino. (b) Several studies in which yellow 
has been paired with white have shown that yellow is in these cases 
recessive to white. Thus CorrEns' found white Polemonium coeruleum 
dominant over the yellow P. flavum; and BATESON? has shown that 
yellow-flowered stocks (Matthiola) are recessive to the white-flowered. 
CorRENS’ results with Polemonium stood alone at the time my 
experiments with Verbascum were begun, as an instance in which a 
white-flowered variety dominated one with colored flowers. It 
seemed important on this account, also, to know what would be the 
behavior of the yellow-flowered Verbascum Blattaria when crossed 
with its pale-flowered form. . 

To-secure a solution to these problems, several crosses were made 
during the summer of 1904. The seeds were sown in the spring of 


t CoRRENS, C., Weitere Beitrige zur Kenntnis der dominierenden Merkmale und 
der Mosaikbildung der Bastarde. Ber. Deutsch. Bot. Gesells. 21:195-201. 1903. 
(See p. 198.) 

2 BATESON, W., SAUNDERS, Miss E. R., and Punnett, R. C., Reports to the 
Evolution Committee of the Royal Society, II. 1905, and III. 1906. 
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1905, but the plants did not bloom until the summer of 1906. The 
results then stood as follows: 


No. 0446, yx y, 75(?)y 

No. 0447, w X Ww, 53.W 

No. 0448 X 47, WX jy, 8 y 

No. 0448 X self, y X y, (?) y (number unrecorded) 


Among the members of these families all possible combinations 
were again made. The offspring of these crosses were mostly induced 
to bloom the first season by starting early and giving the seedlings 
the best possible conditions. The results of the second generation 
were thus secured during the summer of 1907, and showed the follow- 
ing composition: 


No. 06241, D X R, 26y 
Expected, 26y 
No. 06244, DR xX DR, Sy: 7W 
Expected, 9Y: 3W 
Yo. 06243, R X DR, 13 y:18w 
. 06245, DR X R, Sy: 8w 


Total, 18 y:26w 

Expected, 22 y:22 Ww 
Yo. 06242, R X R, go w 

Expected, go w 


Although some of these ratios depart rather strongly from the _ 
theoretical limiting ratio, this is due entirely to the small numbers of 
observations, as pointed out above in the discussion of Lychnis. It 
is plain therefore that the color-forms of Verbascum Blatiaria consti- 
tute a Mendelian pair, and that the bright yellow is dominant over 
the pale. The dominance of yellow in this cross is just the reverse 
of the behavior of yellow in Polemonium and Matthiola, and teaches 
that there are two kinds of yellows in plants, one of which is dominant 
to white, the other recessive to white. A microscopic examination 
of the petals of Verbascum shows that BATESoNn’s’ distinction between 
plastid-colors and sap-colors is probably fundamental, as the yellow 
color in this species proves to be a sap-color, and its behavior in com- 
binations with white is the same as that of the blue, purple, and red 


3 Loc. cit. 
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sap-colors; while the yellow color of Matthiola and of Polemonium 
flavum are plastid-colors and this must account for their different 
behavior. In Mirabilis CoRRENs‘ has noted a yellow-flowered variety, 
M. Jalapa gilva, in which the yellow color seems to be dominant. 
I do not know that any examination has been made to determine the 
basis of the yellow color in Mirabilis, but I predict that it will be found 
to be a sap-color. HuRsTS reports, on the contrary, that the yellow of 
Antirrhinum majus, which is recessive to white, is a sap-color. If 


this statement is correct, this species seems to stand alone at present 
in the possession of a sap-color recessive to white. Why a plastid- 
color should be recessive to the absence of that color calls for an 
explanation which science is not yet ready to give. This difference 
between the two kinds of yellow recalls a similar situation in poultry, 
in which white is usually dominant over colors, but in at least one 
strain (Silky) the white is recessive. 


STATION FOR EXPERIMENTAL EVOLUTION 
Cold Spring Harbor, L. I., N. Y. 


4 CorrENS, C., Zur Kenntnis der scheirbar neuen Merkmale der Bastarde. Ber. 
Deutsch. Bot. Gesells. 23:70-85. 1905. 


5 Hurst, C. C., Mendelian characters in plants and animals. Rep. 3d Internat. 
Conference on Genetics, 1906. Roy. Hort. Soc. 1907: 114-128. figs. 6. 





THE ANTAGONISTIC ACTION OF MAGNESIUM AND 
POTASSIUM 


W. J. V. OSTERHOUT 


(WITH THREE FIGURES) 


It has been previously pointed out" that potassium may inhibit 
more or less fully the poisonous effects of magnesium and that the 
abundance of potassium in the soil makes this inhibitory action of 
importance in soil investigations. LoEw and Aso? have criticized 
this statement. Their objections are that only chlorids were used 
and that no flowering plants were investigated. In the present paper 
these objections are fully met. The experiments extend over a wide 
range of forms and their general agreement furnishes conclusive proof 
of the above-mentioned action of potassium. 

The technique employed has already been described in previous 
papers in this journal. The material was placed in glass dishes con- 
taining 100-300°° of the solution and was covered with glass plates to 
exclude dust and hinder evaporation. Water twice distilled and salts 
which were tested for purity were used throughout. The results given 
in the tables are in all cases averages of several series of experiments. 

The first experiments were made upon a marine alga, Entero- 
morpha Hopkirkii, which is able to live in both sea water and dis- 
tilled water. It was taken from the sea water, rinsed in distilled 
water, and placed directly in the solutions. The solutions used were 
of the concentration 0.375m, which has the same osmotic pressure 
as the sea water in which the plants naturally grow. 

In pure MgCl, .0375m they lived but four days; in pure KCl .0375m 
seven days; while in distilled water and sea water they were alive 
and vigorous at the end of twenty days when the experiment was dis- 
continued. It is evident therefore that both KCl and MgCl, have a 
poisonous action. 

This poisonous effect largely disappears if we mix the two salts 

t OsTERHOUT, University of California Publications, Botany 2: 235. 1906. 

2 Loew aNnpD Aso, Bull. Imp. Coll. Agr. Tokyo '7:395. 1907. 

3 OSTERHOUT, Bot. GAZETTE 42:127-134. 1906; 44:259-272. 1907. 
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(MgCl, and KCl) in proper proportions. In the mixture 100° MgCl, 
+ 40°° KCl, the plants were alive and in good condition at the end of 
twenty days, when the experiment was discontinued. It is evident 
therefore that in the mixture of magnesium and potassium chlorids 
the plants live five times as long as in pure magnesium chlorid and 
three times as long as in pure potassium chlorid. 
TABLE I 
MARINE ALGAE 
All quantities given are cubic centimeters of o 





| Duration of life in 
Culture solution | days: Entero- 
| morpha Hopkirkii 





7 


Sea water (total salts = 2.7 per cent.) 
Artificial sea water (total salts =| 
2.7 per cent.): 
100 NaCl 
7.8 MgCl, ] 
3.8 MgSO, 
2-2 KCl 
1 CaCl, 


| 


| 
| 
| 





The plus sign indicates that the plants were alive at the end of the experiment. 

The results obtained from the study of Vaucheria were even more 
striking. Zoospores were allowed to attach themselves to slides. 
These were then rinsed in distilled water and placed in the solutions. 
The results are shown in the following table and also in fig. 1. 

TABLE II 


FRESH-WATER ALGAE 
All quantities given are cubic centimeters of .orm solutions 








DEVELOPMENT DURING 45 DAYS: 
Vaucheria terrestris 
| 
| 





CULTURE SOLUTION | 

Length of | Percentage of 
thallus | imcrease 
in mm. | in length 





0.15 ° 
6.45 4200 


0.15 ° 
10.0 6566 .66 
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A large Spirogyra of the majuscula type was used for experiments 
with the stronger solutions. The results are given in Table ITI. 


TABLE III 6 O 
FRESH-WATER ALGAE | ?) 5 
All quantities given are cubic centimeters of .0937m 
solutions 





Duration of life in days: 
Spirogyra species 


i 
12 


MgCl, 4 
Distilled water | 25+ 








The plus sign indicates that the plants were alive at the end of the 
experiment. 


A series of experiments was next made with 
the gemmae of Lunularia. These were allowed 
to float on the surface of the solutions. A 
large number was used and the average results 
given in the following table. 











TABLE IV 
LIVERWORTS 


All quantities given are cubic centimeters of .0937m 
solutions 


f | Duration of life 
Culture solution | in days: 
|gemmae of Lunularia 








12 
too KCl 
50 MgCl, }§ 
100 KCl) 

100 MgCl, § Fic. 1.—Growth 

5°0KCI —_ of Vaucheria during 

100 MgCl, } 45 daysin .ormsolu- 

4 tions. 7, KCl, gain 

120+ 0; 2, rooce KCl 

Sai ee +4occ MgCl,, gain 


— , 7,. 
The plus sign indicates that the plants were alive at the end of the 4200%; 3, MgCl, 
experiment. gaino. X25. 
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It will be noticed even when magnesium greatly preponderates in 
the mixed solutions the plants live twenty-five times as long as in pure 
MgCl,, and over eight times as long as in pure KCl. Increasing the 
proportion of potassium increases the length of life. 

The same relation is seen more completely in the next table (Table 
V). Decreasing the amount of Mg causes increased growth up to a 
certain point (Ioo K+10 Mg). Still further decrease of the relative 
amount of Mg beyond this point is unfavorable. The optimum 
relation is therefore not far from 10 Mg+1oo K. 


TABLE V 
LIVERWORTS 


All quantities given are cubic centimeters of .0375m solutions 








GROWTH IN 150 DAYS: GEMMAE 
OF LUNULARIA 





CULTURE SOLUTION 

Length of Percentage of 
thallus gain in length 
in mm. of thallus 





0.5 ° 


3.80 560 


10 MgCl, 3-47 


100 KCl 
25 MgCl, 2.6 


Blase as osasicss<cnciee4e 0.5 
Distilled water........... 











It will be noticed also that the gemmae made no growth whatever 


in pure MgCl, or pure KCl, while in mixtures of the two a good growth 
occurred. 


For the study of flowering plants wheat was chosen. The seeds 
were supported in the solutions on strips of filter paper as described 
in a previous paper.* The results agree with those already given. 
Table VI shows that certain mixtures of potassium chlorid and mag- 
nesium chlorid are much more favorable than either of the pure salts 
(see also jigs. 2, 3). 


4 OSTERHOUT, Bot. GAZETTE 44:259-272. 1907. 












than pure magnesium salts, 
are not better than pure potas- 
sium salts. The question 
might then arise whether the 
favorable result is due in this 
case to mere dilution of mag- 
nesium salts with less poison- 
ous ones. This, however, is 
not the case. We are dealing 
witha true antagonistic action. 
This is shown by the fact that 
addition of the potassium salt 
in solid form likewise pro- 
duces a favorable result, and 
also by the fact that the 
addition of pure water does 
not produce anything like 


the improvement seen on the addition of the same amount of a 


solution of a potassium salt. 


0937 m4 
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Turning now to the experiments with sulfates and nitrates, we 
see entirely similar results, save that the mixed solutions, while better 











Fic. 2.—Growth of wheat roots during 
40 days in .0937m solutions: z, MgCh, 
aggregate length of roots romm; 2, rooce ‘ 
KCl +25¢¢ MgCl, aggregate length of roots 
153™™; 3, KCl, aggregate length of roots { 
Iromm, xX 4%. J 













400™™ 
= 








Fic. 3.—Curves showing growth of wheat roots in salt solutions. The ordinates 
represent concentrations (parts molecular); the abscissae represent the aggregate 
length of roots per plant in millimeters. @, 1ooce KC1+ rooce MgCl; 5, rooce KC] 
+50°¢ MgCl,; c, KCl; d, rooce KCl+25c¢ MgCl,. 





a > £¢ a 
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TABLE VI 
WHEAT 





GROWTH DURING 60 DAYS 
Gorroee aocoron AGGREGATE LENGTH OF ROOTS PER PLANT IN MM. 
QUANTITIES IN CC. 





In .0937 m solutions| In .o5 m solutions |In .0375 m solutions 





IIo 268 
10o0o KCl? 
100 MgCl, § 6 


100 KCl 
50 MgCl, § 


roo KCl 2 
25 MgCl, J 


100 MgSO, § 
50 K,SO, ) 
50 MgSO, 
50 K,SO, ? 
25 MgSO, 
NSD seis 5 oc te Saks weiter 


100 KNO, ) 
700 Mg(NG©,),) "°° 


100 KNO, 
50 Mg(NQ;).) °°°°**’ 


100 KNO, 1 
as Mg(NOQ, 5 °°" 


Mg(NO;)2 








Distilled water 


Since each molecule of K,SO, yields two K ions, half as much K,SO, is used as KCl or KNO;. 
The figures for 50 K,S0,+50 H.O are comparable with the corresponding figures for KCl] and KNOs, 
though the concentration of the solution is only half as great. 
of 80™™ jn soce K,SO, .09037m+s50°¢ HO; a length of 216™™ in soc¢ K,SO, .o5 m+s5o0c¢ H,O; and 
a length of 276™™ in soc K,SO, .0375m+50°¢ H,O. 


For example, the roots reach a length 


It will be noticed that these antagonistic effects are less marked as 
the concentration is lowered. This is of course true of all antago- 
nistic action, since as the concentration is lowered toxicity diminishes 
and the effect of its inhibition is consequently less striking. 

It is observed that those parts which are in direct contact with 
solutions always show their effects much more plainly than those 
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(e. g., leaves and stems) which are raised above them. It seemed 
desirable therefore to find out how sections of stems and roots would 
behave in the solutions. The answer to this question is given in 
Table VII.. Transverse sections of the stem of Tradescantia and the 
root of the common red beet were employed. They were cut on a ' 
microtome and were of considerable but uniform thickness. 


Se ae 


TABLE VII 


CULTINGS AND SECTIONS 












All quantities given are cubic centimeters of .0937m solutions \ 
DuRATION OF LIFE IN DAYS DEVELOPMENT 
ay 7 7 > $703 ; aie, a oa i 
CULTURE SOLUTION Microtome sections | Microtome sections Cuttings 15°™ 
of stem of of root of | long of : 
Tropaeslum majus Beta vulgaris Tradescantia 4 






















Ne ee re 20 14 No roots 
100 KCl 28+ 27 Short roots 
40 MgCl, secre eer sree socs ¢ / ™ 

| Re ec 20 18 No roots 
WIIEEE WENO Se cics ss ase-cca cals 28+ 28+ Long roots 





















A plus sign indicates that the plants were alive at the end of the experiment. 


In both cases the color and microscopic appearance served as the 
criterion of death. As is seen in Table VII, the results agree with 
those already obtained. The table likewise shows the results obtained 
from cuttings of Tradescantia (about 15°™ long) which were placed 
with their lower ends in the solutions. 

In view of the striking agreement of results obtained from such a 
variety of material, it seems useless to seek for further proof. The 
experiments of Loew and Aso also show antagonism between potas- 
sium and magnesium, as far as they go. They do not, however, 
employ sufficient potassium (nor sufficiently strong solutions) to bring 
out the results clearly. The use of percentage solutions (rather 
than molecular solutions) likewise obscures their results. More funda- 
mental is their confusion of physiologically balanced solutions with 
ordinary nutrient solutions.‘ 

As for the theory of Loew and Aso that the inhibitory action of 
potassium on magnesium is due to the formation of a double salt, I 


5 Cf. OSTERHOUT, On nutrient and balanced solutions. University of California 
Publications, Botany 2:317. 1907; also, Bot. GAZETTE 44:259-272. 1907. 
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need mcrely say that it cannot be true because this inhibitory action 
is seen in mixtures of potassium nitrate and magnesium nitrate where 
no double salt is formed. Moreover, even in the chlorids and sulfates 
the formation of a double salt cannot much affect the result, since the 
double salt, at the concentrations here used, dissociates and sets free 
magnesium and potassium ions to almost the same extent as the 
simple salts. 
RESULTS 


Magnesium salts and potassium salts, used separately, are poison- 
ous to plants, but when mixed together (in suitable proportions) the 
poisonous effects more or less completely disappear. These results 
are of importance in soil investigations. 


UNIVERSITY OF CALIFORNIA 
Berkeley 





NEREOCYSTIS AND PELAGOPHYCUS 


WILLIAM ALBERT SETCHELL 


Nereocystis Luetkeana (Mert.) P. & R. is one of the most striking of 
all the algae of the western coast of North America, yet very varied 
statements are made concerning its dimensions and duration. This 
matter has been brought up again recently by Professor T. C. FRYE, 
who in an article in this journal (42:143-146. 1906) states certain 
facts and suggestions from his observations on this species as it 
occurs in Puget Sound. 

In the first place, FryE doubts that this species ever reaches a 
length of over 21™, although in no case does he mention that he has 
made any measurements, and he regards a length of g0™ as beyond 
the bounds of credibility. It is to be regretted that so few authentic 
measurements are on record for plants of this species, especially for 
those of the greater lengths. It is difficult, however, to obtain reason- 
ably perfect plants out of the water and in such a position that they 
may be measured with accuracy. The statement of go™ rests, so far 
as I know, upon that made by MERTENs (Linnaea 4:48. 1829) that 
the stipes reach a length of 45 Faden or fathoms, making in all 
something approaching go™, and that the Aleuts use them for fish- 
lines, one of which he himself bought. It seems likely that MERTENS’ 
statement about the length of these lines must have been made with 
care, as are his statements in general. Of course it may be that there 
is a misprint here for 15, which, from all experience, seems likely. 
RUPRECHT, however, says (Neue oder unbek. Pfl. a. d. nérdl. Th. des 
stillen Oceans, p. 22. 1852) that Nereocystis, in the neighborhood of 
Bodega, California, reaches a length of 25 English feet, but that accord- 
ing to trustworthy natives in the employ of the N. A. Company at 
Fort Ross, it reaches a length ten times greater in the neighborhood 
of Sitka and the Aleutian Islands. This would correspond with 
MERTENS’ figures. This impressed RUPRECHT to such an extent 
that he suggested (/. c. 22) that the southern smaller plant might 
belong to a different species. I have had an opportunity of observing 
this species at different localities of its growth from Kadiak Island on 
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the coasts of the Alaskan Peninsula down to Port Harford in Cali- 
fornia. I have never seen any specimens which approximated to the 
dimensions mentioned by MERTENS and RupREcuHT. All along the 
west coast, however, it grows out into water having a depth of 12 to 15 
fathoms, and this, which is about 30™, represents the length of the 
solid portion of the stipe of the adult plant. The hollow portion, both 
apophysis and bulb, commonly floats on the surface, as do also the 
long leaves. Off the entrance to Yakutat Bay, Alaska, while at 
anchor during a fog, I saw soundings taken close to and among Nereo- 
cystis plants, showing that the solid portions of the stipes were 10 to 
12 fathoms in length. Altogether the plants thus observed must have 
been in the neighborhood of 45 to 50™ total length, or nearly, if not 
quite, twice as long as the maximum credited by Frye. On the coasts 
of California, I have measured many specimens cast ashore. The 
longest specimen, in reasonably perfect condition, I ever found cast 
ashore was on the beach at Carmel Bay in Monterey County, Cali- 
fornia. Not having a tape line, I resorted to pacing. Its greatest 
length was 41 good paces, which by measurement of my average pace 
fully equals that number of meters. All these figures from my own 
experience come from plants growing in the open. From these and 
from the experience of the great length attained by the various plants 
growing in swift currents, I am not prepared to reject the greater 
lengths recorded by MERTENS and RUPRECHT. 

FRYE makes some point of the rock attachment of Nereocystis 
Luetkeana and it certainly is commonly attached to the rocks or to 
stones. On the Californian coasts, however, I often find it anchored 
firmly by its holdfasts to other members of the Laminariaceae, par- 
ticularly to Pterygophora californica. I have seen stipes of Pterygo- 
phora to which as many as five or six holdfasts of Nereocystis were 
attached. 

The origin of the numerous blades of Nereocystis Luetkeana has 
been made plain through the investigations of a number of writers. 
At first there is a single blade when the plant is in the primitive lamina- 
rioid condition. Soon, and at about the time that the bulb is begin- 
ning to form, this splits into two, which by the expansion of the bulb 
are separated considerably at the base. These in turn split again and 
are also in the same way separated at the base. The first two or three 
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splittings, thus taking place when the bulb is rapidly expanding, 
become widely separated and form four to six centers for further split- 
ting and growth. This is well shown in the fine plates of PosTELS 
and Ruprecnt (Ill. Alg. pls. 8, 9. 1840), in that of SAUNDERS (Algae 
of the Harriman Expedition. pls. 58, fig. 1, and 59, fig. 8. 1898), 
and less accurately in that of MACMILLAN (Bull. Torr. Bot. Club 
26: pl. 361. fig. 5. 1899). The normal certainly seems to be four 
centers thus separated and which then proceed to form blades by 
further splittings, but without any considerable separation. I have 
also described this process in my paper “The elk-kelp” (Erythea 
4:183. 1896). The type of division in this case is a regular dichotomy 
but, as happens just as considerably in Lessonia, the absolute regu- 
larity is interrupted in minor details. However, Nereocystis Luetkeana 
has the regularity of its dichotomy as complete as do the species of 
Lessonia, and has no such scorpioid unilaterality in its branching and 
in the succession of divisions leading up to it as does its near relative 
Macrocystis. Between the two, but nearer, as it seems to me, to 
Macrocystis in this respect is Pelagophycus. SKOTTSBERG (Zur 
Kenntn. d. Subantarkt. u. Antarkt. Meeresalgen 1:137, 138. 1907) 
seems to take the opposite view and to consider that after the first 
splitting in Nereocystis Luetkeana, the other splittings are unequal 
as in Macrocystis. An investigation of a large number of older and 
younger individuals convinces me that such is not the case. In 
Postelsia also the splitting is largely equal, but finally there comes 
something of unilateral splitting, so that while Postelsia really stands 
next to Lessonia and Nereocystis, it approaches slightly also Pela- 
gophycus. ‘This point will be returned to below. 

Since the time of MERTENS, it has been generally received and all 
evidence has seemed to show that Nereocystis Luetkeana, in spite of 
its large size, is an annual plant. In his paper FRYE has distinctly 
discredited that belief, and while he does not say so in so many words, 
he intimates very strongly that it is a biennial plant. He says (/. c. 143): 
“Fishermen and pilots. . . . say that it disappears in winter,”’ and 
later (p. 143) he says: “The fishermen are partly right. Except 
for stragglers here and there, the kelps are gone; while those remaining 
were nearly all decayed and loose, with their fronds mostly torn 
away.” This observation was made in March to supplement obser- 
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vations made the previous June. Also in March, however, he finds 
plants 3 to g™ below the surface which have reached a length of 1.25 
to 2.5™, in consequence of which he makes the significant statement 
that “it seems that they do not reach the surface the first year 
but remain out of reach of waves, pushing up rapidly in the second 
season only to die when winter overtakes them.”” He does not tell us 
what period of time is included in what he calls the first season, but 
he does call the second season also the second year. It is proper to 
assume, then, as it seems to me, that he believes that in the first year, 
spring and summer probably, the growth is slow and only plants up 
to 2.5™ or thereabouts are produced, while in the second year the 
rest of the growth of 18 to 20™ is produced. Growth during the 
winter season also must be, according to his idea, very slow or stopped 
altogether. ‘This assumption seems necessary in order to arrive at the 
conclusion that the growth of 1.25 to 2.5™ had been accomplished 
in the previous year instead of a few previous months. Yet it does 
not seem that the assumption is justified by known facts, since evi- 
dently the date of the germination and season of the sporeling stages 
have not been observed. ‘That the plants of colder waters, especially 
Phaeophyceae, can carry through their entire life-processes at a tem- 
perature which never rises above the freezing-point has been demon- 
strated by KJELLMAN (Algae of the Arctic Sea, p. 31. 1883), since he 
says: “At that depth where the richest marine vegetation is to 
be found, it [the temperature] does not rise in general above o° C. 
at any time of the year.” From what we know of the temperature 
of the surface waters of the region of Puget Sound, it seems safe to 
infer that the temperature of the waters within a few fathoms of the 
surface cannot be lower than somewhere between 5° and 10° C. at 
any time of the year. Furthermore, one cannot judge of the tempera- 
ture of the water by the temperature of the air, and especially of the 
water 3 to 9™ below the surface. Consequently, even if the surface 
of the ground were frozen (cf. FRYE, /. c. 144) it is not necessarily 
true that the water at the depths stated might have been anywhere 
near the freezing-point. Farther, KJELLMAN adds (/. c. 31 ff.) that 
the temperature of the air affects only the algae of the littoral zone, 
for it is only those algae which are exposed to the air. Finally, it 
seems to me, after considering all the facts upon which FRYE’s con- 
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clusion is based, at least so far as they are presented, that it is not 
necessary to assume that the initial growth of 2 or 3™ must have 
taken place in the previous year, especially when it is clear that a 
growth of 18™ can occur in two months and a half, viz., from the 
middle of March to the first of June. There certainly seem to be no 
theoretical impossibilities in the way of its having all taken place in 
the same year. 

Nereocystis Luetkeana is fairly abundant on that portion of the 
coast of California lying to the north of Point Conception and I have 
followed its growth with some care. My conclusions are different 
from those of FryE. Many plants arise in pools and in the deeper 
tideways among the reefs, and some persist through to the fruiting 
stage. Such plants are easy of observation and the results may be 
checked by more limited observation of the plants of the deeper waters. 
I find that they appear in February and March, for the most part, 
and in places where none are to be seen in December or January, and 
that they pass through their different stages of growth and fruiting by 
November, and for the most part disappear in December or January 
of the same year. The young plants with and without bulbs are in 
greatest abundance in March, although in some years they are present 
early in February, and this occurs in the same locality year after year. 
Belated specimens appear later, but as stragglers, tlte general rule 
being as stated above. It has been possible, therefore, to follow the 
same group of individuals through their life-history, and the result 
shows that the period of active existence is about nine or ten months 
and within the period of one year. Exceptional times of germination 
may occur and I find some, but in such cases the plants are usually 
tide-pool plants and do not develop beyond a certain stage. Mac- 
MILLAN mentions (J. c. 274) a set of sporelings of o.5™™ and 
upward in size, in two feet of water in June, off San Juan Island, 
Washington. Ihave never found any young plants so late in the year, 
but I have found adult fruiting plants as late as April and in prime 
condition, but they are decidedly out of season, and the cases can be 
paralleled among annual flowering plants, so that they do not really 
affect the general truth of the statement as to the annual character 
of these plants. 

The floating seaweeds of the group of the Phaeophyceae have long 
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attracted attention, especially from the early navigators, and while 
attention in the Atlantic Ocean has been directed particularly to the 
species of Sargassum or gulfweed, in the Pacific several of the larger 
members of both Fucaceae and Laminariaceae were early used as 
indications of the approach toward land. Of all of these, perhaps 
no one was of such usefuiness in this connection as the so-called 
Porra of the Spanish navigators approaching the coast of Lower 
California on their voyages from the Philippine Islands. RUPRECHT 
(/. c. 22-24) has given a fairly full discussion of this and other 
names applied by the Spaniards to these floating algae, but he did 
not have access to all the books, nor is the case different with myself. 
I have one point, however, to add to the account of RUPRECHT, which 
I think will clear up the more important part of the subject. 

One of the earlier references is that of ANSON, whose voyage round 
the world in the years 1740 to 1744 was written from his papers and 
other materials by R1cHARD WALTER, chaplain of one of the ships of 
the expedition, and passed through many editions. On p. 335 of the 
fourth abridged edition (London, 1748), and in the same language in 
the larger or so-called Admiralty editions (p. 243 in rst, 1748; same 
page in 12th, 1767,,and in 15th, 1776), occurs the following, 
regarding the ‘Manila ship”: 

. and when she has run into the longitude of 96° from Cape Espiritu Santo, 
she generally meets with a plant floating on the sea, which being called “‘Porra” 
by the Spaniards, is, I presume, a species of sea-leek. On the sight of this plant 
they esteem themselves sufficiently near the Californian shore, and immediately 
stand to the southward; and so much do they rely on this circumstance that on 
the first discovery of the plant the whole ship’s company chaunt a solemn Te 
Deum, esteeming the difficulties and hazards of their passage to be now at an end; 
and they constantly correct their longitude thereby, without ever coming within 
sight of land. 

ANSON’s account gives us no further details concerning the nature 
of the plant. LEGENTIL, however, goes more into detail in his Voyage 
dans les mers de l’Inde, published at Paris in 1781. The expedition 
was made in the years 1768 and 1769, to observe the transit of Venus, 
and made many observations of a scientific nature in other lines than 
astronomy. On p. 215, he quotes ANSON in regard to Porra, trans- 
lating into French the passage quoted above. LEGENTIL, however, 
goes on to give a figure of the Porra (cf. Vol. II, pl. 3) from a drawing 
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made by Father Don EsTEVAN Roxas y MELo. The drawing is an 
excellent likeness of our Californian Pelagophycus giganteus Aresch., 
and will be discussed later. LEGENTIL consulted M. GUETTARD of 
the Royal Academy in regard to the nature of this plant and obtained 
the following opinion (/. c.): 

Cette plante . . . . est une espéce de celles qu’on appelle en France du nom 
de varech, goémon, et par les Botanistes de celui de jucus: cette espéce est singu- 
litre, en ce que le haut de la tige est terminé par un tubercule ou une vessie, dont 
les branches partent, et, en ce qu’il paroit, que les pedicules des feuilles sortent 
d’un méme cété. Il me semble qu'elle n’a pas encore été gravée; je ne l’ai pas 
reconnu parmi celles dont il est parlé dans l’ouvrage de Linné, intitulé Espéces 
des Plantes; elle n’est pas non plus dans l’ouvrage de SAMUEL GOTTLIEB GMELIN, 
qui en a fait graver un grand nombre d’espéces; on le voit point parmi les plantes 
de Mexique gravées dans l’ouvrage de HERNANDES sur ce pays; il n’est pas plus 
fait mention dans /’ Histoire des Barbades par HUGUES, ni dans la Collection des 
Plantes de Morison. Il me paroit que cette plante est nouvellement découvert 
par les Européens, et qu’il est bon d’en donner une figure gravée. 


GUETTARD also supplied a Latin diagnosis, as follows: “ Fucus 
ramis ex tuberculo rotundo exientibus, foliis planis, profunde crenatis, 
pediculatis, pediculis uno versu dispositis.” 

There has been some discussion as to the nature of Porra and 
other floating seaweeds of the western coasts of the Americas, and the 
best résumé thus far given is that of Ruprecut (I. c.) who, although 
he had not seen the plate of LEGENTIL, came to the conclusion that 
it must be a species of Nereocystis, noting, however, the discrepancies 
between the descriptions and this NV. Luetkeana, the only species known 
tohim. A statement to the same effect is to be found in PosTELs and 
Ruprecut’s I/lustrationes Algarum (p. 1), with the reference, however, 
to their species—N. Luetkeana—which is probably the Porra of 
some of the Spanish writers. There is also a Porra of the South 
American coasts, for RUPRECHT says (/. c. 22) that Bory identified 
the Porra with Macrocystis, and that the Laminaria porroidea of 
LaMouUROUX, as represented by the type specimen, is Durvillaea 
utilis. Again, MAURELLE, according to RUPRECHT, speaks of float- 
ing seaweeds found in lat. 38° 14’ N. of two sorts: Cabeza de Nar- 
anja, or sea oranges, and Zacate del mare. The fcermer are likely 
to be Nereocystis Luetkeana, while the latter, RUPRECHT argues 
with seeming probability, may be Macrocystis. I find on p. 98 of 
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Vol. I, of the English translation of LAPEROUSE’s Voyage round the 
world (London, 1799), MAURELLE’s observation that in lat. 47° 40’ N. 
“they observed that the sea was colored as in soundings, and they 
saw numbers of fish, reeds twenty feet long, and a species of seaweed 
with a head resembling an orange.” In spite of the suggestion that 
this may have been the Alcyonium aurantium Pallas, it seems most 
probable that it was N. Luetkeana. Later in the same volume, 
LA PEROUSE spezks of the same plant as follows: “As we advanced 
to the north and approached America, we observed seaweeds of a 
species entirely new to us. A ball of the size of an orange terminated 
a stalk forty or fifty feet long, resembling an onion run to seed, but 
much superior in size.”” This was in the latitude of Mt. St. Elias on 
the Alaskan coast, where floating NV. Luetkeana is common. 

Following the suggestion derived from RUPRECHT’s account just 
alluded to, I have been able to find, by the help of Librarian F. J. 
TAGGART, a copy of the rare first edition (1780?) of MAURELLE’S 
Journal of a voyage in 1775 to explore the coast of America, northward 
of California (reprinted in 1781 in PARRINGTON’s Miscellanies), in 
the Bancroft Library of the University of California. MAURELLE’s 
observations on the floating seaweeds, as there set forth, are as follows 
(p. 12): 

June 1, 1775. On the same day we observed some seaweeds, the top of which 
much resembled an orange (una naranja), from the upper part of which hung 
large and broad leaves. At the extremity of this plant is a very long tube, which 
fixes it to the rocks on the coast until it is loosened by the sea, when it often floats 
to the distance of 100 leagues. We named this plant the “orange’head.” The 


next day we saw another plant with long and narrow leaves like a ribband, which 
is called Zacate del Mar; we also saw many sea-wolves, duck, and fish. 


This observation was made when they were apparently well north 
of Point Conception and the “orange heads” were probably Nereo- 
cystis Luetkeana. Again he says (p. 25): “We observed that the sea 
was colored as in soundings; many fish, reeds 20 feet long, and the 
‘orange heads’ likewise appeared.” This was on July 9, apparently 
in the neighborhood of the Straits of Juan de Fuca. He goes on to 
say (p. 34): “On the 13th of July, we perceived ourselves to be in sound- 
ings from the color of the sea; at the same time appeared ‘orange 
heads,’ many flags,” etc. At this time they were apparently in lat. 
55° or 56° N. 
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Later on, when giving instructions as to approaching the west 
coast of North America from the Pacific Ocean, he says (p. 56): 


When the coast is 80 or go leagues to the E., those sea-plants appear which I 
have before called “orange heads;’”’ but I must now add, that from the state of 
them as they float, one may sometimes infer that the land is not so far distant. 
Its figure much resembles the fistular stalk of garlick; and from the top of its 
head hang some very long leaves, by which the plant is fixed to the rocks. Now 
if these leaves are tolerably perfect, they afford a strong presumption that they 
have not floated far from the coast. On the contrary, those which have been 
wafted to a considerable distance have generally lost this head, and the stalk 
becomes more rough, when you may suppose that you are 50 leagues from land. 
[He further says (p.57)] When you are 30 or 40 leagues from the coast,. . . . you 
will perceive birds, . . . . together with the plant Zacate del Mar before mentioned, 
which has long and narrow leaves. 


It is very evident that both species of the west-coast kelp with the 
large bulbs were known to the navigators, and it is of interest that the 
southern species Nereocystis gigantea Aresch. or Pelagophycus gigan- 
teus Aresch. was known so long before it was generally recognized 
by botanists. The description of GUETTARD, furnished to LEGENTIL, 
is reasonably explicit, but, when taken into account in connection with 
the plate referred to above, leaves no doubt as to the identity of the 


plant with that of AREscHouc. The first botanical description, how- 
ever, was given by LEMAN (Dict. des sciences naturelles 25: 189. Paris. 
1822) under the article Laminaria. It reads as follows: 

Laminaria porra nob. Stipe trés-long, terminé par un renflement fusiforme, 
portant une grosse vessie sphérique, couronnée de frondes lanceolées, trés- 
élongées et profondément dentées. Cette espéce a été observée dans le mer du 
Sud par LeGentit. Les marins espagnols la nomment porra. Elle se fait 
remarquer par sa longueur qui excéde de quarante brasées ou de deux cent pieds. 
(Voyez LeGentil, Voyage Ind., p. 2. pl. 3.) 

From this it becomes evident that the earliest specific name for 
the southern species is Porra. 

ARESCHOUG first referred the southern or elk-kelp to the genus 
Nereocystis, but later created the genus Pelagophycus for its recep- 
tion. The close resemblance between it and Nereocystis, however, 
has led most writers to retain both in the same genus. This was my 
own opinion in the paper entitled “The elk-kelp’’(Erythea 4: 179-184. 
pl. 7. 1896), but at the same time I called attention (/. c. 184) to the 
unequal splitting and the consequent close relation to Macrocystis. 
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SKOTTSBERG has given a most careful and valuable discussion of the 
relationships of the Lessonia group in the Phaeophyceae of his Sub- 
antarktischen und antarktischen Meeresalgen (Wiss. Ergebn. d. 
Schwedischen Sudpolar-Exp. 4:Lief. 6. 1907) and takes up this 
matter in that connection. His decision is to retain the species in 
Nereocystis (/. c. 139). He seems to incline toward the view that 
the splitting in Nereocystis is also unilateral. With this view, as 
indicated above, I cannot find myself in agreement. I have examined 
many, both older and younger, Nereocystis Luetkeana, with the result 
that I find the splitting to proceed fairly uniformly dichotomously as 
noted above. In Pelagophycus, on the contrary, the splitting is 
decidedly unilateral and like that of Macrocystis. A young plant, with 
characteristic adult form though not of adult dimensions, is represented 
in the photograph reproduced in connection with my paper. SKOTTs- 
BERG has remarked that there are five leaves on one branch and six 
on the other. There were six on each, but on one only the petiole 
remains to show its position. In the specimen figured,.the branching 
has been absolutely unilateral after the first splitting, as is shown by 
the fact that the leaves are single. In many specimens, however, 
some of the lower leaves divide a second time, as happens constantly 
in young specimens of Macrocystis, but not more than one or two 
usually do this. In this, as in other characters, this plant is inter- 
mediate between Nereocystis and Macrocystis. From all the evidence 
it seems to me best to keep the genus Pelagophycus, and to associate 
it with the Macrocysteae under the tribe of the Lessoniideae. 

As has been shown above, LEMAN’s name of Laminaria Porra is 
the earliest binomial, which necessitates the new combination: 

Pelagophycus Porra, comb. nov. 

Laminaria Porra Leman. Dict. Sci. Nat. 25:189. 1822. 

Nereocystis gigantea Aresch. Bot. Notiser 1876: 71. 

Pelagophycus giganteus Aresch. Bot. Notiser 1881: 49. 


I desire to thank Mr. F. S. Cottrns of Malden, Mass., for tran- 
scripts of the reference of LEmAN and also that of LEGENTIL to 
Porra. To F. J. Taccart, librarian of the Bancroft Library of the 
University of California, I am indebted for assistance in obtaining 
access to the works of MAURELLE, ANSON, and LAPEROUSE. 


UNIVERSITY OF CALIFORNIA 
Berkeley 





BRIEFER ARTICLES 


NOTES ON CLEISTOGAMY OF GRASSES 
(WITH FIVE FIGURES) 


The genus Triplasis Beauv., so far as we can find, has not been recog- 
nized as one of the many genera of grasses producing cleistogamous spike- 
lets. Its nearest relative recognized as having this habit is Sieglingia 
decumbens (L.) Ktze. This and other cleistogamous grasses are dis- 
cussed by Professor EpUARD HACKEL (Oest. Bot. Zeits. 56:81-88, 143-154, 
180-186. 1906). Specimens of Triplasis in the National Herbarium col- 
lected in autumn show reduced panicles wholly or partly included in the 
sheaths, and bearing few to several cleistogamous spikelets with glumes 
and awns much reduced, but otherwise like those of the terminal panicle. 

Specimens of T. purpurea (Walt.) Chapm. collected on the low dunes 
of the Isle of Palms, S. C., October 18, 1907 (Chase 4524), show an addi- 
tional form of cleistogamous spikelet. This is larger, solitary, and sessile 
in the base of an indurated prophyllum, in the wings of which it is clasped 
together with the first internode of the branch, lying between the branch 
and the back of the prophyllum. The gluimes are wanting, repeated dis- 
sections failing to show even traces ofthem. The spikelets are one-flowered, 
or sometimes have a rudimentary second floret; the lemma and palea are 
thin, the awn of the lemma and beard of the palea much reduced. (The 
figures show the difference between this spikelet and one from the terminal 
panicle, also the comparative size of the two developed grains.) This 
second form of cleistogene was discovered in the field, and plenty of material 
for dissection was collected. Most of the culms produced two to eight or 
nine of these spikelets, beginning usually at the second node. The spike- 
lets in the upper sheaths have smaller florets and rudimentary glumes, 
and grade into the ordinary form of cleistogene. Since herbarium material 
cannot be ruthlessly disjointed, only a few sheaths of autumnal specimens, 
which by their swollen appearance gave promise of containing these cleis- 
togenes, were examined. Of these, one specimen of 7. americana Beauv. 
from Florida (Combs 871) showed this form, the glumes wanting, the awn, 
which in this species is 5™™ or more long, nearly obsolete. A duplicate 
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type of J. intermedia Nash (Nash 2426) was found to contain these cleis- 
togenes, and judging by the swollen sheaths they were abundant. This is 
true also of specimens of the same species from Cape Florida (Chase 3959). 
Of T. purpurea (Walt.) Chapm., practically all the late collections contained 
these spikelets. Hence this habit 
of producing two forms of cleisto- 
gene belongs to the entire genus. 
Unlike the dichotomous species of 
Panicum, in which only the cleisto- 
genes perfect their grains, the 
terminal spikelets are fruitful in 
Triplasis as well as the two forms of 
cleistogene. The presence of these 
cleistogenes at the nodes explains 
the habit, common to the three 
species, of disjointing at the lower 
nodes when dry. 

Another interesting point in the 
habit of cleistogamous grasses de- 
veloped in the field-work of last 
October. Amphicarpon amphi- 

carpon (Pursh) Nash was found 
phyllum inclosing cleistogamous spikelet. ‘: ae 
X4.—Fic. 2. Cleistogamous  spikelet. with perfectly developed grains * 
X8.—Fic. 3. Grain from same. X8— the aerial spikelets. These speci- 
Fic. 4. Spikelet from terminal panicle. mens were collected in the border 
X8.— Fic. 5. Grain from same. X8— of a cypress swamp between Wil- 
Both spikelets drawn from the same plant. mington and the eastern coast of 

North Carolina (Chase 4597). After 
noting these fruitful spikelets, practically all the plants in the small colony 
were examined, perhaps a hundred, and about fifteen were found with 
fruiting aerial spikelets. Most of these possessed developed subterranean 
spikelets also. The aerial spikelets have heretofore been supposed to be 
sterile. The earlier authors—PursH, who first described the species 
under Milium, KuntH, and BENTHAM—called them staminate and the 
subterranean spikelets pistillate. It is doubtless very seldom that these 
aerial spikelets develop their grains. Herbarium material was examined 
and a single specimen of A. amphicarpon from Delaware (Commons 18 of 
1895) was found with fertile aerial spikelets. No such spikelets were 
found in A. floridanum Chapm.—AGNEs CHASE, U. S. Department oj 
Agriculture, Washington, D. C. 











Fic. 1. Base of internode showing pro- 





CURRENT LITERATURE 


BOOK REVIEWS 
Form and flowering 


An interesting discussion of the relations between the vegetative form and the 
flowering period of plants is presented by Dr. Diets in a small book,? issued 
more than a year ago, which deserves notice in spite of unavoidable delay.? 

The questions with which the book deals were raised by the author’s travels 
in West Australia in 1902. After his return he examined the literature and made 
further investigations to throw light upon the problems of form in the plant kingdom. 
He has gathered together a considerable number of examples of the relation 
between form, blooming time, and external conditions. ‘These he presents and 
discusses in his usual luminous fashion. He has even cited briefly analogous 
phenomena, not a few from the animal kingdom. 

The thesis of the book is that the generative maturity of plants is not connected 
immutably with a definitive stage of their development, as has been so widely 
held. A certain minimum of nutritive preparation is presupposed; but once 
this is passed there is a broad variation zone in which blooming occurs. Its 
appearance is dependent upon complex, largely unknown conditions, an important 
part of which, however, are external. The vegetative ontogeny depends upon 
the cooperation of autogenous and exogenous (an excellent substitute for the 
awkward term ‘‘aitiogenous’’) factors; for the rudiments of the vegetative organs 
have many possibilities, and which one is realized is determined by the environ- 
ment. The mature form of the entire organism is thus a product of vegetative 
ontogeny and of generative maturity, both of which factors are variable, though 
their variability is not in the same direction. True, the development of vegetative 
structures usually ceases at blooming, but this is the only place where the two lines 
of development, the vegetative and the generative, are inseparably connected. 
Elsewhere they are free and independent of one another and each varies after its 
own manner. In this connection of two variable factors lies an important impulse 
to increase the manifold forms of the plant world. For the conditions which help 
to regulate the succession of leaf forms and floral maturity change with the changes 
of climate in space and in time, giving rise to local geographic species and allowing 
true species to arise in the course of time. Their features attain heritability and 
become therewith a source of new lines with new possibilities. 


«Drets, L., Jugendformen und Bliitenreife im Pflanzenreich. 8vo. pp. 130. 
figs. 30. Berlin: Gebriider Borntraeger. 1906. M 3.80. 


2 The work was sent to a reviewer on its receipt, and was recently returned at our 
request.—Eps. 
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A new term, “helicomorphy,” is suggested to comprehend GoEBEL’s two 
terms for the two leaf forms in heteroblastic species, the juvenile forms and 
successive forms. In the course of a short chapter on the phylogenetic 
significance of helicomorphy, the author pays his respects to the famous ‘‘bioge- 
netic law,” that ontogeny recapitulates phylogeny, in these terms: “In the botani- 
cal field it has absolutely no (nicht einmal immer) heuristic value, and whoever 
allows himself to be led by it will at most succeed in satisfying the needs of his 
imagination.” 

The book is one to be commended to all sorts of botanists; morphologists, 
physiologists, ecologists, and taxonomists will alike profit by its perusal.—C. R. B. 


NOTES FOR STUDENTS 


Soil chemics and plant distribution.—Of late the physical character of the 
soil, and especially the relation of the soil to water, has been more and more 
regarded as the greatest single factor that determines plant distribution. For 
this reason the contribution of FERNALD$ will come to most with something of a 
shock. FERNALD feels that the dissimilarity of the floras of the alpine districts 
of New England and adjoining regions cannot be explained by differences in pre- 
cipitation, exposure, fineness or coarseness of the soil, or water content of the 
soil. On the other hand, it is possible to divide the alpine regions into three 
groups on the basis of similar floras. The striking thing that then appears is that 
the three groups can also be split in the same way on the basis of the chemical 
nature of the subjacent rocks. One group, including the Adirondacks, Green 
Mountains, White Mouftains, and Mt. Katahdin, is characterized by granites, 
gneisses, or mica schists, all rich in potassium. The second group, including 
Smuggler’s Notch, Mt. Willoughby, and the Gaspé coast, is characterized by 
calcareous rocks. The third group includes only the one remarkable area of Mt. 
Albert, where many plants are found that are known from nowhere else in that 
part of the continent; this area is one of serpentine. It will thus be seen that 
FERNALD’s groups correspond to those made long ago in Europe by partisans of 
the chemical theory, except that the European silicicole group is replaced by 
FERNALD’s potassium group. It is likely that in a complex world not everything 
is to be referred to one cause, and perhaps we have been too ready to see in soil 
water the answer to all distribution problems. If so, FERNALD’s paper will serve 
an excellent purpose in giving better balance to our views. Yet it must be remem- 
bered that this paper is wholly observational, and it is very doubtful if physical 
and chemical factors can be adequately analyzed in the field. The trend of recent 
experimental work is mostly toward physical theories or toxic phases of chemical 
theories, and until FERNALD’s theories are substantiated by rigid experimental 
tests, it is doubtful if they can find acceptance. It is well also to call attention to 
the idea expressed so long ago by DECANDOLLE in this connection, that what holds 


3 FERNALD, M. L., The soil preferences of certain alpine and subalpine plants. 
Rhodora 9:149-193. 1907. 
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true for one region may be far from true in another. For example, Shepherdia 
canadensis, Artemisia canadensis, and Pellaea atropurpurea are cited as calcicoles. 
In the Chicago region, only the latter is commonly a calcicole, and it is also a 
silicicole. It is doubtful too if the chemical theory can account for the prevalence 
of alpine plants in bogs, a phenomenon readily explained by the current theories.— 
Henry C. Cow_es. 

Ecological notes from New Zealand.—Some of CocKAYNE’s+ brief papers 
should be noticed here. Coprosma Baueri is found to show a striking case of leaf 
variation. In the usual natural habitat the leaves are fleshy and have margins so 
recurved as to be called “‘rolled;” in shade the leaves are much larger and quite 
flat. An accompanying photograph shows how striking is the variation. ‘The 
second paper discusses the supposed finding of a seashore Celmisia in the moun- 
tains; the two forms are very similar, but COCKAYNE believes, as everyone must 
in these days, that the court of last resort in the determination of the validity of 
species is no longer the herbarium but the experimental garden. The Poor Knights 
Islands are small precipitous islands exposed to the open sea and never before 
visited by a naturalist. The scrub formation, in which Suttonia divaricata domi- 
nates, differs from any allied New Zealand formation; the luxuriance of the arbo- 
rescent plants is very remarkable in view of the great exposure of the islands. 
A Carmichaelia, known previously trom but one place and that far away, probably 
attests that the species was once widespread. In another paper, COCKAYNES 
has added another to the long list of probable mutants observed in nature. This 
case is of special interest because the mutation is in a plant well known in the 
region, and is too conspicuous to be overlooked. Leptospermum scoparium is 
one of the commonest weeds of New Zealand, and possesses white or sometimes 
pink flowers. The “mutant” consists of a crimson-flowered form, and it is 
noteworthy that the foliage is so much darker that it is easy to pick out the mutant 
in the seedling condition. In connection with CocKAYNE’s studies it should be 
noted that he has pubiished a large amount of ecological literature in popular form 
in the Lytlelton Times, a Christchurch paper. ‘These essays have been well 
written and must have done much to interest New Zealanders in the remarkable 
vegetation of their country, and to induce them to take steps to preserve this 
vegetation in large part through the medium of government reservations. —HENRY 
C. CowLes. 


Plant-breeding in the tropics.—Locx° has published a third report on hybridi- 
zation experiments carried on at Peradeniya, Ceylon, giving in detail the results 


4 CocKAYNE, L., On a specific case of leaf variation in Coprosma Baueri Endl.; 
on the supposed Mount Bonpland habitat of Celmisia Lindsayi Hook. f.; Notes on a 
brief botanical visit to the Poor Knights Islands. Trans. N. Z. Inst. 38:341-360. 1906. 


5 COCKAYNE, L., On the sudden appearance of a new character in an individual 
of Leptospermum scoparium. New Phytologist 6:43-46. 1907. 

© Lock, R. H., Studies in plant breeding in the tropics. III. Experiments with 
maize. Ann. Roy. Bot. Gard. Peradeniya 3: 95-184. 1906. 
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of extensive crosses between various races of Indian corn. In almost every regard 
the important early work of CoRRENS on this species is confirmed, it being again 
demonstrated that yellow endosperm is dominant over white, starchy over sugary, 
blue aleurone layer over white, and red pericarp over white. The latter being a 
character of the mother plant does not appear as ‘‘xenia.”” The same seems to 
be true, to some extent at least, with regard to the indent character of the grains. 
It is not clear from the experiments that this character segregates after the Mende- 
lian fashion, but it is pointed out by the author that a certain looseness in the 
methoc of pollination used makes it impossible to interpret the behavior of this 
character. With respect to height of plant, all cases tested seem to indicate that 
there is a blend in F, and no segregation in later generations. ‘The most important 
contribution to knowledge is the complete confirmation of the view that failure of 
the Mendelian ratio in the case of blue vs. white aleurone layer is due to defective 
dominance and not to imperfect segregation. In such crosses the blue appears 
in ratios almost invariably below expectation, sometimes considerably below, but 
subsequent breeding of the whites from such a cross shows that enough of them 
are heterozygotes to make up the deficiency in the number of blue grains in the 
preceding generation. The author speaks of the “dominance” of the white 
aleurone layer in this case, but this is not correct, for if the white were really domi- 
nant in the accepted sense, the crossing of these white heterozygotes with pure 
whites would give only white offspring; but this was the method used to demon- 
strate their heterozygote nature by showing that such a cross produces a consider- 
able proportion of blues. The failure of dominance of blue in these cases is rather 
to be spoken of as “latency,” and the possibility that there may be another factor 
involved, as in certain other known cases of latency (invisibility), is suggested and 
needs investigation.—G. H. SHULL. 


Anatomy of Lobeliaceae.—The anatomy of the Lobeliaceae has been described 
by Yprac,’? who reaches the conclusion that JussIEv’s classification is more 
natural than that of BENTHAM and Hooker, and that the family ought to be placed 
between the Compositae and Campanulaceae, instead of representing only a tribe 
of the latter. Many genera and species have been examined, and the author has 
not confined himself to the stem and leaf alone, but gives also many points of inter- 
est about the root structure, and a special chapter is devoted to the medicinal spe- 
cies. Characteristic of the family is the occurrence of articulated laticiferous 
ducts, which are located in the leptome and accompany this tissue in the roots, 
the stem, and the leaf; but the aquatic Lobelia Dortmanna is destitute of latex. 
None of the Lobeliaceae possesses bicollateral mestome strands, while these are 
frequently observed in the Campanulaceae and Compositae (Liguliflorae); the 
mechanical tissue is only represented by collenchyma in the stem, there being no 
stereomatic pericycle. The leaves are bifacial so far as concerns the distribution 
of the stomata (on the dorsal face), but the chlorenchyma is mostly of a homogene- 


7 YpRac, F. L., Recherches anatomiques sur les Lobeliacées. Thesis. pp. 165. 
Lons-Le-Saunier. 1905. 
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ous structure; many species contain inulin. It does not appear as if any decisive 
conclusion may be drawn from the internal structure alone in regard to the question 
of classification, and it must not be forgotten that the occurrence of bicollateral 
mestome strands in the Campanulaceae is not common to all members of the 
family. Of far greater importance seems to be the morphological structure of the 
flower, and quite especially of the corolla and the stamens. ‘This same view was 
held by Gray, and we find in his Synoptical flora that the Lobeliaceae are kept 
separate from the Campanulaceae.—THEO. Hom. 


Anatomy of Palaeostachya.—In an interesting article HicKiinc® gives an 
account of the cone of an important calamitean species. There are approximately 
eighteen sporangiophores and an equal number of sterile bracts. The former are 
axillary to the latter and are supplied by traces originating from the same node 
above the vascular strands, which pass off to the bracts. In spite of the fact that 
the sporangiophores are apparently in the axils of the bracts, the sporangiophore 
trace turns sharply upward in the secondary wood of the cone-axis through half 
an internode, to redescend afterward through the cortex to the sporangiophore. 
It appears from this investigation that the condition which is present in Calamo- 
stachys, in which the sporangiophore is placed high on the axis, is more primitive 
than that found in Palaeostachya, where it is apparently axillary; but nevertheless 
the sporangiophore in both these genera is an axillary structure and constitutes 
the ventral segment of its subtending, divided or undivided, bract. A very interest- 
ing statement on the part of the author, in view of the opinions recently expressed 


by CAMPBELL and Scorrt in regard to the presence of foliar gaps in the equisetal 
series, is the following: “It (the trace of the sterile bract) arises from the primary 
wood of that (the main) bundle, just where the carinal canal is obliterated and 
passes radially outward and slightly upward through the nodal secondary wood. 
Greco No gap is left in the main bundle.” The italics are the reviewer’s.— 
E. C. JEFFREY. 


Seed development in Saxifraga.—JuEL? has published a rather lengthy 
account of seed development in Saxifraga granulata, including some reference to 
and a few figures of Pyrola minor. In Saxifraga the nucleus of the megaspore 
shows an apparently simple, homogeneous chromatin thread in synapsis stage, 
and the double chromosomes of later stages seem to arise, not from a splitting, 
but from a doubling of the thread. The number of chromosomes is about thirty. 
The arrangement of the conducting tissue and the course of the pollen tube are 
described. No plasma sheath can be demonstrated about the male nuclei in the 
pollen tube, but a thin sheath is evident after the nuclei are discharged. The male 
cells pass into a synergid, and probably the tube nucleus also. The definitive 


8 HICKLING, GrorGE, The anatomy of Palaeostachya vera. Annals of Botany 
21: 369-386. pls. 32, 33. 1907. 

9 JuEL, H. O., Studien iiber die Entwicklungsgeschichte von Saxifraga granulata. 
Nova Acta Reg. Soc. Sci. Upsal. IV. 1:1-41. pls. 1-4. figs. 6. 1907. 
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‘ndosperm nucleus, which is fertilized by the second male nucleus, divides near 
the lower end of the sac, and following this division the protoplasm is separated by 
a plasma membrane into a large upper and a small lower cell. After two more 
divisions in the lower cell, walls appear, and four basal endosperm cells are formed. 
These elongate and divide again to form eight cells with dense contents which form 
a cap over the lower end of the more extensive endosperm tissue above. This 
lower tissue, while not so extensive, is similar in origin to that recently described 
in the Pontederiaceae. After examining the food-stuffs of the seed, the author 
closes with a description of a special tissue formed from the funiculus, which serves 
to separate the seed from the placenta.—W. C. CoKER. 


Roots of aroids.—LINSBAUER®® has studied the growth and geotropism of the 
aerial roots of a large number of aroids. These are often dimorphic; some roots 
are long and strong, the so-called Nahrwurzel (here called long roots); others are 
more slender, usually horizontal and tufted, the Hajftwurzel (here called short 
roots). Of these only a few have been sufficiently examined since the rise of the 
statolith theory of geoperception. He extends Sacus’s observation as to the great 
length of the growing zene; in long roots for most it lies between 20 and 50™™ 
with a minimum of 5-10™™ and a maximum of go™™; in short roots, however, 
it runs from 3-14™™. Yet the former grow less rapidly than the latter; nor do 
either grow daily more in toto than ordinary soil roots, and their growing zone is 
not so sharply marked. ‘The typical long roots are mostly geotropic, though only 
weakly so, for in a whole day they do not curve from the horizontal to the vertical; 
and many, even underethe most advantageous external conditions, are wholly 
or periodically ageotropic; typical short roots are always ageotropic. 

When the roots are not dimorphic (as in Anthurium and some other genera), 
they are ageotropic. Both sorts have a well-developed columella in the root 
cap, which is furnished, so long as they are growing, with statolith starch, quite 
irrespective of their geotropic or ageotropic behavior. This fact LINSBAUER 
contents himself with stating and does attempt to use it against the theory or to 
reconcile it therewith.—C. R. B. 


Production of diastase.—EISENBERG has attacked anew the problem of the 
regulatory production of diastase, determining the effect of various factors on its 
formation.'t This was estimated by the effectiveness of a given solution in con- 
verting into sugar a standard solution of soluble starch. The results coincide in 
large measure with those of previous observers and strengthen the belief that dias- 
tase is formed in variable amounts according as other metabolic factors vary. 
Thus more diastase is produced in active, less in sluggish, germination. At the 
optimum temperature for growth diastase production is greatest. In germinating 

10 LINSBAUER, K., Ueber Wachstum und Geotropismus der Aroideen-Luftwur- 
zeln. Flora 97:267-297. 1907. 

11 EISENBERG, ELFRIDE, Beitrige zur Kenntnis der Entstehungsbedingungen 
diastatischer Enzyme in héheren Pflanzen. Flora 97:347-374- 1907. 
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wheat in the absence of oxygen, there is no increase in diastase, but the amount 
formed in air and in pure O, isequal. Increasing etherization of seedlings reduces 
their growth and also the diastase. Traces of acid favor the production of secre- 
tion diastase, but not of translocation diastase, while larger amounts hinder in 
both. In general leaves that readily store starch have much diastase, while those 
that contain sugar do not; but this is not uniformly true. Insolated starchy leaves 
have more diastase than starch-free shade leaves of the same plant. No increase 
of diastase on darkening pea leaves was observable; but the author does not con- 
sider the experiments with light satisfactory.—C. R. B. 


Nourishment of embryos.—Basing his study upon the conclusions, already well 
established, that the endosperm is a live tissue which may affect ipso facto the 
development of the embryo, STINGL reports the results'? of his experiments to 
determine how embryos were affected by other endosperm than their own. He 
tested rye, barley, oats, and wheat reciprocally. No embryo freed from the endo- 
sperm could be made to develop fully, nor even when replaced after the operation 
did it develop as well as undisturbed ones. The four sorts were unequally affected. 
Rye developed about equally with its own and wheat endosperm; not so well with 
others. Wheat did better with rye endosperm than with its own, but not so well 
with barley and oats. Barley flourished with wheat endosperm, grew less with its 
own and rye, and least with oats. Oats embryos developed far more uniformly 
with strange endosperms than the others did with oats endosperm, though it 
did best with its own. One must suspect that some neglected factor is accountable 
for the surprising conclusion that a plant may develop better with foreign endo- 
sperm than with its own.—C. R. B. 


Alpine plankton studies.—SHANTz'3 has made a comparative study of the 
plankton of the lakes of the plains and mountains near Pike’s Peak. The different 
alpine lakes studied differ somewhat largely from each other, but in general their 
plankton is not abundant, and it is only in the fall that algae become dominant. 
The plains lakes studied are artificial; their plankton is many times more abundant 
than is that of the alpine lakes —HENnry C. CowLes. 


12 STINGL, G., Experimentelle Studie iiber die Ernahrung von pflanzlichen Embryo- 
nen. Flora 97:308-331. 1907. 


13 SHANTZ, H. L., A biological study of the lakes of the Pike’s Peak region— 
preliminary report. Trans. Amer. Mic. Soc. 27: 75-98. 1907. 





NEWS 


Mr. VERNON H. BLACKMAN, formerly of the department of botany of the 
British Museum, but more recently lecturer in botany at the Birkbeck Institute, 
has been called to a professorship in botany at the University of Leeds. 

THAT THE International Botanical Congress of 1910 will be held in Brussels 
has been decided, an appropriation for it having been granted by the Belgian 
government. The arrangements for the Congress are in charge of TH. DURAND 
as president, and E. pE WILDEMAN as general secretary. 

THE BOTANICAL STAFF of the government in the Philippine Islands consists 
now of seven members: Bureau of Science, E. D. MERRILL, F. W. Foxwortuy, 
and C. B. Roprnson; Normal School, W. R. SHAw; School of Agriculture, E. B. 
CoPpELAND; Forest Investigation, H. N. WHITFORD; Collector, A. D. E. ELmMer. 

A BIOGRAPHICAL SKETCH of the late Mr. A. P. Morcan has been published 
by Professor W. A. KELLERMAN in the Journal of Mycology (13:233-236. 1907). 
The bibliographical list contains 46 titles, extending from 1877 to 1907, the first 
paper having appeared in the second volume of the BoTANICAL GAZETTE. Since 
1902 all his papers (26) appeared in the Journal of Mycology. 

THE FOLLOWING ACTION was taken, during the Chicago meeting of the Ameri- 
can Association, by the Botanical Society of America, Section G of the American 
Association, and the American Society of Naturalists: 

WuHereas, By the lamented death of Dr. LucIEN Marcus UNDERWOOD, late 
Professor of Botany in Columbia University, science has suffered a severe loss and the 
American Association, the Botanical Society of America, and the American Society of 
Naturalists an active and esteemed member, be it 

Resolved, That these societies place on record their recognition of his fruitful labors 
along his chosen lines in the field of scientific research and instruction, and their keen 
appreciation of the stimulating influence of his personal character and scholarly attain- 
ments. 

THE PHILIPPINE BuREAU OF ForEstRY has been reorganized under Maj. 
Gero. P. AHERN as director. The field-work has been assigned to two divisions: 
Forest Administration, under H. D. Everett; and Forest Investigation, under 
H. N. Wuitrorp. The work of the latter division is to discover the forest 
resources and to bring this information to public attention. A detailed system 
of mapping has been inaugurated, and considerable portions of the islands have 
been mapped. Special tracts are being studied in detail for working plans, and 
herbarium and wood specimens are being collected. The herbarium shows 1109 
species of trees on the islands, and the number is likely to be increased to 1600 or 
1800. During the three months beginning with November, Dr. WHITFORD has 
been exploring the island of Mindanao. 
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